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Abstract

Background: Anatomy of flexor hallucis longus (FHL) is essential for the achievement of
tendon transfer and several procedures performed in the foot and ankle. The aim of this study
was to evaluate the anatomical knowledge of FHL including the type and location of
musculotendinous junction (MTJ), tendinous interconnections (TIC) morphology, its location
related to Master Knot of Henry (MKH), and the pattern of TIC distribution.

Materials and methods: One hundred and sixty-six legs from 52 embalmed and 31 soft
cadavers were assessed. The medial and lateral bellies of FHL (MB and LB) were identified
and traced until the end of the most distal muscle fiber to determine the medial and lateral
MTJs. MTJ was classified into 4 types based on the existence and length of MB and LB:
Type 1, long LB and shorter MB; Type 2, equal length of both bellies; Type 3, only LB and
no MB; Type 4, long MB and shorter LB. Low lying muscle belly was defined as muscle
extending beyond the zero point (the point of intersection between distal osseous part of tibia

and FHL tendon). The distance between MTJ and zero point was measured. TIC was
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classified into seven types based on the direction and number of slip: Type I, one slip from
FHL to FDL; Type II, crossed connection: Type III, one slip from FDL to FHL; Type IV, no
connection; Type V, two slip from FHL to FDL; Type VI, two slip from FHL to FDL and one
slip from FDL to FHL; Type VII, two slips from FDL to FHL and one slip from FHL to FDL.
The distance between the TIC and MKH was measured. TIC distribution was defined into
four types based on slip distribution to lesser toes: type a, distributed to second toe; type b,
distributed to second and third toes; type c, distributed to second to fourth toes, and type d,
distributed to second to fifth toes.

Results: Type 1 and type 3 of MTJ morphology were found in 87.3% and 12.7%,
respectively. Low lying LB was detected in 66.13% of cases with a mean distance of
13.10+£4.51 mm. All MBs ended proximal to the zero point with a mean distance of
-21.99+13.21 mm. Three types of TIC (I, II, V) were identified. The highest frequency was
type I (82.93%). In addition, a new type of TIC was depicted in 8.53% of cases. Part of the
FHL tendon in this type fused with FDL tendon and the rest extended directly to the first toe.
TIC could be located either proximal, distal or at the MKH. The highest prevalence was distal
to MKH in 51.67% of cases with a mean distance of 11.23+5.13 mm and 8.73+4.2 mm in low
lying and non-low-lying groups, respectively. Four types of slip distribution to lesser toes
were defined, mostly in type b. No statistically significant differences were detected among
all parameters including genders, sides, and groups.

Conclusions: Knowledge of this investigation might enhance the clinical efficacy of tendon
harvesting and transfer in foot and ankle surgery.
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tendinous interconnection

INTRODUCTION

Flexor hallucis longus (FHL) transfer is a widely used technique for ankle and foot
reconstruction, including posterior tibial insufficiency, Achilles tendinopathies, or peroneal
tendon rupture [2, 4, 6, 13, 21, 22, 24]. The FHL is suitable for transfer because of its

strength, axis and amplitude of contraction, and coincident action with gastrocnemius and



soleus muscles [33]. The objectives of FHL transfer are to repair the length, strengthen the
injured tendon, and corporate more muscle force [8]. Moreover, FHL transfer can decrease
pain by normalizing vascularity [1, 8]. Many techniques of FHL tendon graft harvesting are
clinically utilized, including single incision, double incision, and minimally invasive
techniques [16]. The indication, length of harvested tendon and location of incisions are
different among techniques [16]. FHL tendons can be harvested behind the medial malleolus,
proximal to superior border of the calcaneus, along medial edge of mid-foot at Master Knot
of Henry (MKH), or over the medial plantar aspect of forefoot at the first
metatarsophalangeal joint [2, 21, 28]. Despite the good to excellent clinical outcome
following FHL transfer that was revealed previously, complications such as neurovascular
injury, cock-up deformity, and functional loss of toes were also reported % 16-20],

Knowing the anatomical variation of the FHL muscle is helpful when planning an
operation. If FHL muscle bellies are sufficient to cover the tendon defect, the other
combining techniques are not necessary [17, 24] .Tendon transfer can improve blood supply
in the injured region and covers possible existing soft tissue defects. To accomplish the
clinical objective, knowledge of the anatomical variations of musculotendinous junction
(MTJ) of FHL will provide important insights to decide upon the operation and

administration of FHL transfer [17, 24].

Tendinous interconnections (TIC) between FHL and flexor digitorum longus (FDL)
play an important role in tendon harvesting [25]. The benefit of these connections is to act as
a natural tenodesis during harvesting tendon grafts proximal to MKH and to increase the
length of tendon graft by cutting the connections [15, 23]. The connections between FHL and
FDL, which have an important functional role in toe movements, might restrict harvesting of
the FHL tendon proximal to MKH [10]. Previous research has suggested that, these
interconnections must be cut when harvesting FHL tendon especially in minimal invasive
technique [16, 25]. To reduce the risk of iatrogenic injury during surgical procedures and
achieve medical procedures, essential knowledge of morphological type, location and
distribution of TIC are necessary [26, 30]. The focus in this cadaveric study was to evaluate
the anatomical knowledge of FHL including the type and location of MTJ, TIC morphology

and its location related to MKH, and the pattern of TIC distribution.

MATERIALS AND METHODS



This study was performed in 166 legs from 52 embalmed (33 males, 19 females) and
31 soft cadavers (9 males and 22 females) supported by the Department of Anatomy and
Chula Soft Cadaver Surgical Training Center, Faculty of Medicine, Chulalongkorn
University. The mean age of the cadavers was 78.87 £13.69 years (range from 32 t0100).
None of the cadaveric legs, ankles and feet had damage, deformity, or scaring from previous

surgery.

Cadaveric dissection

The skin, subcutaneous tissue, fascia of the leg, and plantar surface of the foot was
detached to each side. At the medial side of the ankle, the flexor retinaculum was identified,
and its posterior edge was cut to open the tarsal tunnel. The dissection was performed until
adequate exposure of the FHL tendon was achieved. The medial and lateral bellies of FHL
were identified and traced until the end of the most distal muscle fiber to determine the
medial and lateral MTJs (Figure 1A). Then, the plantar aponeurosis and medial plantar fascia
of the foot were cut to expose the flexor digitorum brevis (FDB) and abductor hallucis
muscle (AH). These two muscles were separated to disclose the tendon of FHL and FDL.
MKH was indicated at the crossing point of FDL and FHL tendon (Figure 1B). The TIC was
also explored. Finally, FHL and FDL together with TIC and quadratus plantae were harvested

as one block from the cadaver to analyze the type of MTJ and TIC.

Observations and measurements
Type of MTJ, MTJ location and the presence of low lying FHL

The presence of medial and lateral bellies (MB and LB) of FHL muscle was observed
in both embalmed and soft cadavers. MTJ morphological types were classified according to
the criteria established by Pichler et al. [24] and modified by Mao et al. [17] into 4 types:
Type 1, long LB and shorter MB; Type 2, equal length of both bellies; Type 3, only LB and
no MB; Type 4, long MB and shorter LB. The presence of other morphologies was also
examined. However, the MTJ location and the presence of low lying FHL were examined
only in soft cadavers since the foot and ankle joint should be set in a neutral position
throughout these processes. The zero point was defined according to Pichler et al.[24] as the
point of intersection between the distal osseous part of the tibia and FHL tendon (Figure 1A)

and the presence of low lying FHL was depicted if the muscle belly extended distal to the



zero point. Distances from medial and lateral MTJs to the zero point were measured with a
digital slide gauge (Mitutoyo ® 0-150 mm; range 150 mm, resolution 0.01 mm) (Figure 1A).
This parameter was recorded as either a negative or positive value based on whether it

located proximal or distal to the zero point, respectively.

Type of TIC, its distribution to the toes and its location regarding MKH

The presence and direction of TIC between FHL and FDL were examined in both
embalmed and soft cadavers. Type of TIC was classified based on the criteria defined by
Beger et al. [3] into seven types: Type I, one slip from FHL to FDL; Type II, crossed
connection: Type III, one slip from FDL to FHL; Type IV, no connection; Type V, two slip
from FHL to FDL; Type VI, two slip from FHL to FDL and one slip from FDL to FHL; Type
VII, two slips from FDL to FHL and one slip from FHL to FDL. The presence of other
patterns was also examined. The distribution of TIC to the lesser toes was identified by
pulling the FHL and observing the flexion of the toes. TIC distribution was defined into four
types according to Plaass et al. [25] as the following: type a, distributed to second toe; type b,
distributed to second and third toes; type c, distributed to second to fourth toes and type d,
distributed to second to fifth toes. Moreover, the distance from the branching point of TIC to
MKH was measured to determine the location of TIC in 60 soft cadaver specimens (Figure
1B). This parameter was recorded as negative or positive value based on whether it located
proximal or distal to the MKH, respectively.

Each parameter was measured twice by the same investigator. The same digital

Vernier caliper was used to ensure consistency.

Statistical analysis

Statistical analysis was performed by SPSS software version 22.0. Morphology of
MT]J, TIC and the distribution of TIC were analyzed as prevalence and percentage. All
quantitative data was based on the criteria reported as range, mean and SD. Unpaired t-test
(for parametric test) or Mann-Whitney U test (for nonparametric test) were used to compare
between genders and between low lying and non-low lying groups. The difference between
left and right side was examined with paired t-test (for parametric test) or Wilcoxon signed-
rank test (for nonparametric test). A p-value of less than 0.05 was defined as statistically

significant.



Ethical consideration
The Institutional Review Board (IRB) of the Faculty of Medicine, Chulalongkorn
University approved this anatomical study (IRB NO. 636/62).

RESULTS
Type of MTJ, MTJ location and the presence of low lying FHL

MTJ morphology was examined in 166 specimens from both soft and embalmed
cadavers. Two morphological types of MTJ were identified including Type 1 (145 cases,
87.35%), in which the LB ended more distally than MB, and Type 3 (21 cases, 12.65%),
which showed only LB (Figure 2, Table I). Symmetrical type of MTJ morphology was found
in 74 cadavers (89.16% of cases) and the highest frequency was Type 1. However, FHL
which had equal length of MB and LB or Type 2 and those with MB ended more distally than
LB or Type 4 were not found in this study.

MT]J location was determined in 62 legs of soft cadavers by measuring the distance
from medial and lateral MTJs to the zero point. Results are shown in Table II. MTJ was found
to reside either proximal (-) or distal (+) to zero point. LB extended beyond the zero point
(low-lying) in 41 cases (66.13%) with a mean distance of 13.10+4.51 mm. In the non-low-
lying group of LB (21 cases, 33.87%), the mean distance from the zero point was -8.5+7.30
mm. In contrast, all MB ended proximally to the zero point with a mean distance of
-21.99+13.21 mm. No statistically significant difference was found between genders, sides,

and groups.

Type of TIC, its distribution to the toes and its location regarding MKH

Type of TIC was examined in 164 specimens (2 damaged specimens from dissection
were excluded). According to Beger et al. [3], type I, II, V and a new type were found (Table
I, Figure 3). The highest frequency was type I (82.93 %), which had a tendinous slip
branching from FHL to FDL tendon followed numerically by type V (7.93%), which had
double slip from FHL to FDL tendons and type II (0.61%), which showed the cross tendinous
slips between FHL and FDL tendons, respectively. In addition, a new type of interconnection

(14 cases or 8.54%) was found in which part of the FHL tendon fused with FDL tendon and



the rest extended directly to the first toe (Figure 3G, H). Symmetrical type of TIC was found

in 61 cadavers (79.27% of cases) and the highest frequency was type 1.

Distribution of TIC to the lesser toes was determined by observing the movement of
each toe when pulling the FHL. Prevalence of each type is shown in Table I. The most
common was type b (67.68%) and followed numerically by type a, type c and type d,
respectively. Symmetrical type of slip distribution to lesser toes was found in 61 cadavers
(74.39%) and the highest frequency was type b. The prevalence of TIC distribution in the
new type of this study was type a (1 case), type b (10 cases) and type c (3 cases).

The location of TIC was investigated in 60 soft cadaver specimens of. It was located
either proximal (-), distal (+) to MKH or at the MKH (Table II). The highest prevalence was
located distally to MKH in 36.67% with a mean distance of 11.23+5.13 mm in the low-lying
group and 15% in the non-low-lying group with a mean distance of 8.73+4.2 mm. In the new
type of TIC, the fusion point in the soft cadaveric specimens was located either proximal (4
cases), distal (5 cases) or at the MKH (2 cases). No statistically significant difference was

found between genders, sides, and groups.

DISCUSSION

Achilles tendon ruptures occur approximately at 2—6 cm above the calcaneal insertion
and the blood supply in this region might be reduced [24]. FHL tendon transfer can cover the
soft tissue defect and improve blood supply. The location of the MTJ is important in this
instance. If MTJ located proximally, the FHL muscle bellies are insufficient for the coverage
of injured tendon and adequate vascular supply to the affected area. Therefore, knowledge of
morphological variation of FHL muscle in this study will provide some benefits in tendon
harvesting and transfer. In this study, only Type 1 and 3 of MTJ morphology were found with
the most frequent type as type 1 (LB longer than MB). Moreover, symmetrical type of MTJ
morphology was found with high prevalence (89.16% of cases). Therefore, awareness of
symmetrical patterns should be emphasized. Location of LB could be found either proximal
or distal to the zero point, similar to those found in previous studies [17, 24]. However, all
MTJ of MB was located only proximally to the zero point at a mean distance of -21.99+
13.21mm. Low lying lateral MTJ was detected in 66.13 % of the cases and located at a mean
distance of 13.10+ 4.51mm distal to the zero point (Table II). The prevalence of MTJ type
and its location as shown in Table III differed from previous studies [17, 24]. The presence of

low lying FHL is clinically relevant. It can provide a longer muscle belly for coverage of the



injured region and provides adequate vascular supply. However, it can cause FHL tendon
entrapment [5]. MTJ can get entrapped at the proximal end of the fibro-osseous tunnel,
resulting in limitation of distal excursion of the tendon. This generally causes pain at the
entrapment area or the first metatarsophalangeal joint [9, 19]. This injury is frequently seen
in runners, tennis players, and dancers, who require dynamic, repetitive, or push-off
movement [19, 27].

The exact knowledge of TIC anatomy and variation is important for harvesting and
estimation of functional loss after transposition [29]. In addition, awareness of the number of
connections between FHL and FDL tendons while harvesting tendon grafts distal to MKH is
essential [3]. Results have shown the existence of connection between FHL and FDL tendons
in all specimens. The majority of cases in the present study were Type I, which was similar to
those in previous reports (Table IV) [7, 15, 16, 18, 20, 22, 25, 29, 32]. Types III, IV, VI and
VII were not identified in the present study. In terms of overall proportions, this finding
resemble the results of Edama et al. [7] and Mao et al. [17] in Asian cadavers (Table IV). In
other ethnic studies, the prevalence of types III, IV, VI and VII varied from 0-30%. Vasudaha
et al. [29] reported 2.94% of cases with some unusual fibers from flexor digitorum

accessories. Therefore, ethnic differences might exist.

In the results, a new type of TIC was depicted in 14 cases (8.5%). The most common
TIC distribution found in this type was type b. In the soft cadaveric specimens, the most
prevalent location of the fusion point was distal to the MKH. In addition, all cases of the new
type were categorized in Type 1 MTJ morphology. Hence, the sample size of this study is
greater than that of previous reports (Table IV). Therefore, more variations might be seen.
The tendinous slips from FHL propose the stable base for toe-off movements [14]. Thus,
types of interconnections play a crucial role in defining the level of functional gain of toe
movement in the postoperative period [29]. TIC between FHL and FDL tendons might
restrict the harvesting of the FHL tendon distal to MKH [10]. Therefore, it is important to
investigate their locations. Moreover, the length of the graft can be increased by including the
tendinous interconnection into the graft [29]. Anatomical landmarks including medial
malleolus, navicular tuberosity, interphalangeal joint, MKH and FDL tendon division were
used previously to locate the TIC between FHL and FDL tendons [3, 5, 25]. MKH was
selected as the reference landmark in this study. The surface location of MKH has been
reported in our recent study [31]. Results revealed that most of the TIC was located distal to

MKH with a similarity to Beger et al. [3]. They also suggested that the interconnection from



FHL to FDL could be cut at an average of 27.1 mm distal to the MKH. However, the average
distance from MKH in our study was shorter (11.23+5.13 mm in low-lying group and
8.7344.20 in non-low-lying group). The difference between studies may be due to the number

of specimens, method of cadaveric preservation and ethnicity.

In this study, type b was the most frequent finding of distribution of tendinous slip to
lesser toes which was similar to previous reports as shown in Table IV [3, 7, 14, 16, 25, 32].
Recently, Hirota et al. [12] introduced a FHL tendon branch test in 4 healthy men by
electrical stimulation and electromyography (EMG) recording of FHL and FDL. Considering
the branching type, the FHL was presumed to not only act as the great toe flexor, but also
play a significant role in the flexion of second and third toes [7, 16]. Toe flexor muscles are
key muscles for foot stability and enhancement of sport performance. Therefore, this
anatomical knowledge may lead to the benefit of toe muscle exercise for prevention of foot

injuries and the improvement of sport performance [11, 12].

CONCLUSIONS

A revisit of FHL morphology including type and location of MTJ, TIC morphology,
pattern of distribution and its location related to the MKH was performed in 31 soft and 52
embalmed cadavers. Two morphological types of MTJ were identified including type 1
(87.35%) and type 3 (12.65%). MTJ was found to reside either proximal (-) or distal (+) to
the zero point. Lateral muscle belly extended beyond the zero point (low-lying) in 66.13% of
cases with a mean distance of 13.10+4.51 mm. All medial muscle bellies ended proximally to
the zero point with a mean distance of -21.99+13.21 mm. TIC type I, II, V and a new type
were depicted. The most common was type I (82.93 %). All types of TIC distribution were
found and the most prevalent was type b (distributed to second and third toes) (67.68%). The
most prevalent TIC location was distal to MKH with a mean distance of 11.23+5.13 mm in
the low-lying group and 8.73+4.2 mm in the non-low-lying group. No statistically significant

differences were found for all parameters including gender, side, and group.
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Table 1. Prevalence of MTJ morphology, low lying of FHL, TIC morphology and TIC
distribution

n(%)
Male Female
Left | Right | Totl Left | Right | Totl Total
Type of MTJ morphology (166 specimens)
1 35 32 67 39 39 78 145
(21.08) (19.28) (40.36) (23.49) (23.49) (46.99) (87.35)
3 7 10 17 2 2 4 21
(4.22) (6.02) (10.24) (1.20) (1.20) (2.41) (12.65)
Low lying of FHL (62 soft cadaveric specimens)
Lateral muscle belly ’ ’ 14 13 14 27 41
(11.29) (11.29) (22.58) (20.97) (22.58) (43.55) (66.13)
Medial muscle belly 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Non low lying 2 2 4 9 8 17 21
(3.23) (3.23) (6.45) (14.52) (12.90) | (27.42) (33.87)
Type of TIC (164 specimens)
I 34 34 68 33 35 68 136
(20.73) (20.73) (41.46) (20.12) (21.34) (41.46) (82.93)
I 1 0 1 0 0 0 1
(0.61) 0) (0.61) (0) 0) (0) (0.61)
v 4 4 8 3 2 5 13
(2.449) (2.449) (4.88) (1.83) (1.22) (3.05) (7.93)
New type 2 3 5 5 4 9 14
(1.22) (1.83) (3.05) (3.05) (2.44) (5.49) (8.53)
Type of TIC distribution (164 specimens)
11 7 18 6 8 14 32
4 (6.71) 4.27) (10.98) (3.66) (4.88) (8.54) (19.51)
b 25 28 53 32 26 58 111
(15.24) (17.07) (32.31) (19.51) (15.85) (35.36) (67.68)
5 6 1 1 6 7 18
¢ (3.05) (3.66) (6.71) (0.61) (3.66) (4.27) (10.98)
d 0 0 0 2 1 3 3
0) 0) (0) (1.22) (0.61) (1.83) (1.83)

(FHL= flexor hallucis longus; MTJ= musculotendinous junction; TIC= Tendinous interconnection)

Table I1. Mean distances from medial and lateral MTJ to zero point and from TIC to MKH

1 (%)
Distance
meant SD (min-max)
Male Female [ Total
Left [ Right [ Total | Left [ Right | Total | ora
Mean distance from MTJ to zero point(mm) (62 soft cadaveric specimens)
Lateral 9 9 18 22 22 44 62(100%)
Belly 8.59+9.60 8.95+10.24 8.77+9.63 3.86+11.77 5.40+12.97 4.63+12.26 5.83+11.64
(-6.54-20.88) | (-8.39-2121) | (-839-21.21) | (-18.27-20.96) | (-30.62—5.54) | (-30.62—20.96) (-30.62 -
21.21)
- Low 7 7 14 13 14 27
lying 12.7345.75 13.3346.15 13.0345.73 12.46+4.03 13.7643.71 13.1343.85 41(66.13%)
(5.85-20.88) | (591-2121) | (5.85-2121) | (5.76—20.96) | (820-18.32) | (5.76—20.96) 13.10+4.51
(5.76 - 21.21)
2 2 4 9 8 17
- Non -5.88+0.93 -6.37+2.86 -6.13+1.76 -8.5646.77 -9.23+9.73 -8.87+8.03 21(33.87%)
Lowlying | (-654—-522) | (-8.39--435) | (-839--435) | (-1827-0.00) | (-30.62-0.00) | (-30.62—0.00) -8.35+7.30
(-30.62 — 0.00)
Medial 9 9 18 2 2 a4 62
belly -27.19+11.32 -21.57+6.46 -24.79+9.66 -22.34+13.84 -19.76+14.70 -21.08+14.16 -21.99+13.21
(-42.12- (-28.13- (-42.12- (-51.02--4.93) | (-65.95--5.54) | (-65.95—-4.93) (-65.95 —
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-12.78) -12.08) -12.78) -4.93)
Mean distance from TIC to MKH (mm) (60 soft cadaveric specimens)
Low lying 6 6 12 13 14 27 39(65%)
3.68+7.49 4.33+13.95 4.01+10.68 5.65+11.62 0.98+10.64 3.23+11.16 3.47+10.88
(-9.04 - 12.34) (-20.81-17.56) | (-20.81-17.56) | (-21.33-18.06) | (-15.75-20.52) | (-21.33-20.52) (21.33-
20.52)
1 1 2 2 5 7
Proximal -9.04 -20.81 -14.938.33 -15.94:7.66 -10.00+3.91 -11.7045.31 9(15%)
(-20.81--9.04) (-21.33- (-15.75--6.13) | (-21.33--6.13) -12.4245.65
-10.55) (-21.33--6.13)
1 1 2 3 6
At MKH 0.00 0.00 0.00 3 0.00 0.00 8(13.33%)
0.00 0.00
4 4 8 6 14
Distal 7.78+3.58 11.70+5.90 9.74+4.98 8 10.63+7.01 12.08+5.19 22(36.67%)
(4.58-12.34) (4.14-17.56) (4.14-17.56) 13.16+3.44 (5.04-20.52) (5.04—20.52) 11.2345.13
(7.96-18.06) (4.14-20.52)
2 2 4 9 8 17
Non low 9.69:+0.98 0.00 4.84+5.62 0.08+7.08 1.83+9.10 0.90+7.88 )
lyin, (9.00-10.38) (0.00) (0.00-10.38) | (-8.74-1352) | (-10.41—15.14) | (-10.41-15.14) | 21(35%)
ying 1.6547.55
0 0 0 4 2 6 (-10.41 -
-5.88+2.77 -10.18+0.32 -7.31£3.10 15.14)
Proximal (-8.74--3.05) | (-10.41--9.96) | (-10.41—-3.05)
6(10%)
2 2 2 4 -7.31%3.10
0 2 0.00 0.00 0.00 0.00 (-10.41 - -3.05)
At MKH 0.00
6(10%)
2 3 4 7 0.00
2 0 9.69+0.98 8.07+4.72 8.74+5.56 8.46+4.80
Distal 9.6940.98 (9.00 - 10.38) (5.22-13.52) (3.62-15.14) (3.62—15.14)
(9.00 - 10.38)
9(15%)
8.73+4.20
(3.62-15.14)
8 8 16 22 22 44 f%(;fg?l)
All 5.18+6.93 3.25+11.96 4.21%9.49 3.37£10.21 1.29+9.89 2.33%9.99 (2133
(-9.04-12.34) | (-20.81-17.56) | (-20.81-17.56) | (-21.33-18.06) | (-15.75-20.52) | (-21.33-20.52) 50 '52)'
+: distal to zero point -: proximal to zero point
(MKH- Master Knot of Henry, MTJ- musculotendinous junction, TIC-Tendinous interconnection)
Table ITI. Comparisons of MTJ type and distance from MTJ to measuring point
Race/ . MTJ morphology
Author Year | Ethnicit Catt:laveerlc N N (%)
y P Typel | Type2 | Type 3 | Other
This study (2021) 2020 Thai
e Prevalence Soft 62 145 0 (0) 21 0 (O)
Embalmed | 104 | (87.3) (12.7)
¢ Distance from MTJ to the Soft 62
crossing of distal osseous part
of tibia and FHL tendon
- Medial belly (mm) 21.99+13.21 (-65.95- - 4.93)
- Lateral belly (mm) 5.83+11.64 (-30.62-+21.21)
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Mao et al. (2018) [17] 2018 |  Asian
o Prevalence embalmed 70 | 63(90) | 5(7.1) | 2(29) | 0(0)
70
® Distance from MTJ to the
crossing of distal osseous part
of tibia and FHL tendon
- Medial belly (mm) -33.24+1.5 (-115-+8)
- Lateral belly (mm) -3.1442.2 (-39-+43)
Pichler et al. (2005) [24] 2005 -
embalmed 80 | 70(88) 3(4) 5(6) 2(3)

® Prevalence

-34.64+22.79 (-114-+5.5)
-1.48+12.92 (-57-+25)

+: proximal to measuring point - : distal to measuring point (MTJ: musculotendinous junction)
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Table IV. Comparisons of the prevalence of types of tendinous interconnection between FHL and FDL and type of the slip distribution to the

lesser toes

é{lﬁlo&o) This study | Vasudha et al. Beger et al. Edamaetal. | Maoetal Plaass et al. Hur et al. Mulier et al. LaRue et al. O’Sullivan | Wapner et al. Martin

' [29] [3] (71 [16] (251 [14] [20] [15] etal. [22] [32] [18]
Year 2021 2019 2018 2016 2015 2013 2011 2007 2006 2005 1994 1964
Race Thai Indian Turkish Japanese Chinese Caucasian Korean Caucasian Caucasian British us Caucasian
Cadaveric Soft Embalmed Embalmed Embalmed Embalmed Embalmed Embalmed Embalmed Embalmed Embalmed Embalmed Embalmed
type Embalmed Fresh Fresh
Number 164 36 20 100 64 60 100 24 24 16 85 33
TIC type (%)
Type I 82.6 61.00 75 86 96.9 67 58 42 68 67 88
Type II 0.6 3.94 10 3 3.1 30 29 41 19 31 6
Type I1I 0.0 7.35 0 0 0 0 0 13 - 0
Type IV 0.0 14.70 0 0 0 13 17 0 2 6
Type V 7.9 8.82 5 11 - - - - - - -
Type VI 0.0 0.00 5 0 - - - - - - -
Type VII 0.0 1.47 5 0 - - - - - - -
Other 8.5 2.94 - - - - - - - - -
TIC distribution to lesser toes (%)
Type a 19.5 33 31 31.3 33 8 41
Type b 67.7 55 61 60.9 55 64 47
Type ¢ 11.0 7 8 7.8 7 28
Type d 1.8 0 0 0 0 0 0
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Figure 1 A) Photograph of left ankle showing; (a) distance from lateral MTJ (red dot) and (b) distance from medial MTJ (green dot) of FHL to
zero point (blue dot) which is the intersection between distal osseous part of tibia (white dot line) and FHL tendon (black dot line). B)
Photograph of right plantar surface of foot showing the distance from branching point of TIC (red dot) to MKH (black dot). FDL — flexor
digitorum longus muscle; FHL — flexor hallucis longus muscle; MKH — master knot of Henry; MTJ — musculotendinous junction; TIC —

tendinous interconnection.

Figure 2 Photographs of medial side of right legs and resected FHLmusculotendinous junction showing type 1 MTJ morphology with a longer
lateral muscle belly than medial muscle belly (A, B), and type 3 MTJ morphology with only a lateral muscle belly (C, D). FDL — flexor

digitorum longus; FHL — flexor hallucis longus muscle; MTJ — musculotendinous junction.

Figure 3 Photographs of left plantar surface of feet and resected FHL and FDL interconnection showing types of TIC. Type I; FHL to FDL (A,
B). Type II; FHL to FDL and FDL to FHL (C, D). Type V; double strands from FHL to FDL (E, F). New type; part of the FHL tendon fused with
FDL tendon and the rest extended directly to the great toe (G, H). FDL — flexor digitorum longus; FHL — flexor hallucis longus; MTJ —

musculotendinous junction; QP — quadratus plantae; TIC — tendinous interconnection.
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