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Facial reanimation surgery using a free mus-
cle flap for facial paralysis, in which gracilis 
muscle flap was used, was first reported by 

Harii1 in 1976. Subsequently, many muscle flaps for 
the surgery have been reported, such as latissimus 
dorsi (LD) muscle,2–4 rectus abdominis muscle,5 
rectus femoris muscle,6 abductor hallucis muscle,7 

internal oblique muscle,8 biceps femoris muscle,9 
and pectoral minor muscle.10 Currently, in Asian 
countries, the LD muscle flap is the most commonly 
used among these muscle flaps because it has a long 
vascular pedicle and nerve. However, the LD muscle 
flap has 1 problem, that is, its thickness. In surgery, if 
the LD muscle flap is to be transplanted without thin-
ning in the subcutaneous pocket of the cheek, (1) 
insertion of the muscle flap inside the pocket may 
be difficult due to its thickness, (2) convex deforma-
tion occurs due to its thickness, and (3) contraction 
of the muscle flap is too strong, and problems such 
as facial expression becoming asymmetrical in shape 
when the patient smiles occur. Therefore, in many 
cases, a method to shave the LD muscle flap before 
transplanting is followed, leading to substantially 
satisfactory results being stably obtained.2,3 However, 
there are no reports clearly indicating to what degree 
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the muscle flap may be safely shaven. The purpose 
of this study is to anatomically investigate the three-
dimensional route of the thoracodorsal artery, vein, 
and nerve inside the LD muscle used for facial reani-
mation and to clarify the degree to which the muscle 
flap may be safely shaven.

METHODS

Materials
The research materials were the LD muscles 

sampled from 36 sides of 18 preserved cadav-
ers (the duration of formalin fixation is approxi-
mately 2–20 y). While preserving the thoracodorsal 
artery, vein, and nerve, the LD muscle, including 
the thoracodorsal aponeurosis in the medial side 
and the iliac crest in the caudal side of the muscle, 
was sampled.

Making a Transparent Specimen of the LD Muscle and 
Coloring the Thoracodorsal Artery, Veins, and Nerve
Sampling and Fixing the LD Muscle

The sampled LD muscle was fixed in 70% alcohol 
for 3 weeks.

Maceration and Decoloration
	 1.	After removing the fat and fascia from the surface 

layer of the LD muscle, it was rinsed with tap water 
for 30 minutes to 1 hour.

	 2.	The LD muscle was immersed in 3% KOH so-
lution (100 ml distilled water with 0.2–1 ml of 
3% hydrogen peroxide solution added) for 5–7 
weeks while stirring the solution several times a 
day. The solution was appropriately exchanged 
if it became opaque and polluted during this pe-
riod. Actually, the solution was exchanged every 
day for the first 4 days following commencement 
and exchanged once every 3–7 days, for a total 
of 7–10 times, thereinafter. Silicone rubber in-
jection to the thoracodorsal blood vessel was car-
ried out at the stage when the solution started 
becoming clear to some degree and the muscle 
became decolorized and white.

Filling the Thoracodorsal Artery by Silicone 
Rubber (Microfil)

A central venous catheter (Agyle Inc., 20G, outer 
diameter of 0.8 mm) was inserted from the stump of 
the thoracodorsal artery to the periphery as much as 
possible and stopped when resistance was felt. Micro-
fil (Flow Tech, Carver, MA) was injected from this 
site while pulling out the catheter little by little to 
prevent Microfil from hardening. This filling of the 
artery was carried out on all 36 sides, whereas the 

procedure of injecting Microfil into the vein was not 
carried out on 26 sides among these, and the proce-
dure of decalcification was carried out thereafter to 
stain the nerves.

Filling the Thoracodorsal Vein by Silicone Rubber
After injecting Microfil into the artery, infusion 

to the veins was carried out on 10 sides. The cen-
tral venous catheter was inserted from the stump of 
the thoracodorsal vein to the periphery as much as 
possible and stopped when resistance was felt. There 
was reflux due to the venous valves, so Microfil could 
not be injected into the periphery as is; therefore, 
it was slowly injected, taking several minutes while 
applying pressure to the LD muscle in the upright 
position by hanging it. The procedures of decalcifi-
cation, staining the nerves, and decolorization and 
neutralization were not carried out, but the proce-
dure of rarefaction was carried out as is on these 10 
sides with marked veins.

Decalcification (Removing Calcium from the Specimen)
After the LD muscle was rinsed with tap water 

for 30 minutes to 1 hour, it was immersed in Sihler’s 
I solution (glacial acetic acid:glycerin:1% chloral 
hydrate = 1:2:12) for 2 weeks while stirring the solu-
tion several times a day. The solution was exchanged 
once a week.

Staining the Nerves
After the LD muscle was rinsed with tap water for 

30 minutes to 1 hour, it was immersed in Sihler’s II 
solution (Ehrlich’s hematoxylin:glycerin:1% chloral 
hydrate = 1:2:12) for 2 weeks while stirring the solu-
tion several times a day. The solution was exchanged 
once a week.

Decolorization and Neutralization
The muscle was immersed in Sihler’s I solution 

again. The procedure was stopped when the small 
nerves started to decolorize after 2–3 hours. Subse-
quently, it was rinsed with tap water for 30 minutes to 
1 hour and then dipped in 0.05% lithium carbonate 
liquid. Because of this procedure, the nerve changed 
from purple to blue within 2–3 hours, thereby com-
pleting marking.

Rarefaction
The sample made was immersed in 40% glycerin 

for 3 days, then immersed in 60% glycerin for 2 days, 
immersed in 80% glycerin for a day, and finally put 
in 100% glycerin. A small amount of thymol crystal 
was added in 100% glycerin for embalming.

Using the methods mentioned above, a trans-
parent specimen of the LD muscle with marked 
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thoracodorsal artery and veins (10 sides) and thora-
codorsal artery and nerves (26 sides) was prepared. 
Decalcification, staining the nerves, and decoloriza-
tion and neutralization procedures were not carried 
out for 10 specimen sides with marked veins because 
the weak vein walls would rupture during the proce-
dure of staining the nerves. Therefore, examination 
of the arteries, veins, and nerves in a single specimen 
was not possible.

Macroscopic (Diagonally Upward View) Observation 
of the Three-dimensional Route of the Thoracodorsal 
Artery, Veins, and Nerves and the Positional 
Relationship Thereof

Following were macroscopically examined by 
viewing the completed transparent specimen diago-
nally from above from the back surface side of the 
LD muscle:

	 1.	The route of the thoracodorsal artery and vein 
and the positional relationship thereof (10 
sides) and

	 2.	The route of the thoracodorsal artery and nerves 
and the positional relationship thereof (26 sides).

Making a Specimen with a Vertical Section on the 
Muscle Flap for Use in Facial Paralysis Surgery

A specimen with a vertical section on the muscle 
flap used for facial paralysis surgery was made from 
the transparent specimen, and the positional rela-
tionship of the thoracodorsal vessels and nerve was 
observed from the vertical section.

Making a Specimen with a Vertical Section on the 
LD Muscle

The prepared transparent specimens were hard-
ened using gelatin or agar. During facial paralysis 
surgery, the area closest to the anterior axillary line 
of the LD muscle is frequently used in many cases 
due to the posture (dorsal position). In actual clini-
cal practice, the area approximately 2 cm from the 
site in which the thoracodorsal vessels enter the mus-
cle and the area nearly 8 cm to the peripheral side 
along the descending branch are mainly used. These 
areas were cut away from the transparent specimen 
and cut in a 5 mm width, parallel to the route of the 
thoracodorsal vessels and nerve to make a specimen 
with a vertical section.

Subsequently, the route of the thoracodorsal ves-
sels and nerves was observed using a stereoscopic mi-
croscope (model: Stemi1000, Zeiss). Furthermore, 
observation of the vertical section was carried out 
on 24 sides of the prepared transparent specimen  
(7 sides with the artery and veins marked and 17 
sides with the artery and nerves marked).

Investigating the Depth at Which the Thoracodorsal Artery 
and Vein Run

Which among the thoracodorsal artery and vein 
run along the shallow surface of the vertical section 
was investigated.

Investigating the Depth at Which the Thoracodorsal Artery 
and Nerve Run and Measuring the Nerve Depth

On the vertical section, the distance from the 
muscle surface to the nerves (A) and the thickness of 
the entire muscle at the same site (B) were measured 
in 2-cm intervals from the site where the thoracodor-
sal nerve enters the muscle to the periphery.

Actual measurement was carried out using ver-
nier calipers. Nerve depth was calculated as A/B × 
100 (%) (Fig. 1). That is, the nerve depth indicates 
in what % depth the nerves run from the muscle sur-
face in the specimen.

RESULTS

Macroscopic (Diagonally Upward View) Observation 
of the Three-dimensional Route of the Thoracodorsal 
Artery, Veins, and Nerves and the Positional Relation-
ship Thereof
	 1.	The thoracodorsal artery and vein always ran 

parallel to a range that may be confirmed in the 
10 specimens (Figs. 2A, B). The route was in the 
same layer regarding depth, and which of the 
two ran in the shallower layer could not be ac-
curately determined from the diagonally upward 
view by the naked eye.

	 2.	The thoracodorsal artery and nerve ran parallel 
to a range in which the periphery of them could 
possibly be confirmed in the 26 specimens. 
Moreover, in the muscle, the nerve constantly 
ran in a slightly shallower surface compared to 
the artery (Figs. 3A, B).

Fig. 1. Setting the nerve depth. Nerve depth = A: the distance 
from the muscle surface to the nerves; B: thickness of the en-
tire muscle × 100 (%).
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The Positional Relationship of the Thoracodorsal 
Artery, Veins, and Nerves on the Vertical Section
	 1.	The artery and vein ran in the same depth in par-

allel until entering the muscle. Once entering the 
muscle, the artery ran in the same layer or a slight-
ly shallower layer compared to the veins, and the 
veins did not run in a shallower layer compared to 
the artery in all specimens (Figs. 4A, B).

	 2.	The artery and the nerve ran in the same depth 
in parallel before entering the muscle. Once en-
tering the muscle, the nerve constantly ran in 
a shallower layer compared to the artery in all 
specimens (Fig. 5).

	 3.	Measuring the depth of the thoracodorsal nerve 
running inside the muscle.

The nerve depth was 100% (average, 100%) at 
0 cm from the site where the nerve enters the muscle 
to the center, toward the periphery; 100% to 68% 
(average, 79.6%) at 2 cm, 80% to 60% (average, 
67.9%) at 4 cm, 75% to 60% (average, 66.3%) at 
6 cm, 75% to 50% (average, 63.6%) at 8 cm, and 70% 
to 33% (average, 53.8%) at 10 cm (Fig. 6).

In facial paralysis surgery, muscle with a maxi-
mum length of 8 cm or less is normally used from 
the site in which the thoracodorsal blood vessel and 
nerves enter the muscle toward the periphery. The 
nerve depth within 8 cm ranged from 100% to 50% 
(average, 75.48%). Thus, the thoracodorsal nerve 
constantly ran in a deeper layer than half (50%) of 
the muscle in the range of use of the muscle in facial 
reanimation surgery.

DISCUSSION
Various surgical procedures for the facial paralysis 

have been carried out until now, such as muscle flap 

transplantation in 2 stages following nerve graft,11–13 
nonvascularized free muscle transplantation,14 and 
nerve grafting.15 However, recently, the method 
using vascularized muscle transplantation with nerve 
in a single stage has become the mainstream. In 
these reconstruction methods, LD muscle,2–4 rectus 
abdominis muscle,5 rectus femoris muscle,6 abduc-
tor hallucis muscle,7 internal oblique muscle,8 biceps 
femoris muscle,9 and smaller pectoral muscle10 have 
been used; however, the LD muscle flap, which com-
prises long nerves and vascular pedicles, is the most 
commonly used.

In actual surgery, the LD muscle flap is usually 
sampled with a rectangular shape of approximately 
8–10 cm in length and 3–4.5 cm in width, toward 
periphery from the point where the thoracodorsal 
vessels and nerve enter the muscle and in an area 
close to the anterior axillary line.2,3 Subsequently, 
once the muscle flap is thinned to an appropriate 
thickness, it is transplanted inside the subcutaneous 
pocket of the cheek prepared in advance. However, 
this technique was based on experience, and there 
are no reports anatomically clarifying to what de-
gree thinning may be carried out safely. Then we 
carried out this study with the purpose of clarifying 
this point.

At first, to investigate the distribution pattern 
of vessels and nerve, we decided to prepare trans-
parent specimens of the LD muscle with the tho-
racodorsal artery, veins, and nerve colored at the 
same time. Sihler’s staining method was carried out 
for the nerves.16 This is a staining method invented 
in the late 19th century to clarify the nerve end in-
side muscles, with various reports still being used 
today including the LD muscle.17–22 We carried out 
the modified Sihler’s staining method reported by 

Fig. 2. The route of the thoracodorsal artery and vein from the diagonally upward view. The 
artery and vein run substantially in parallel to the region in which the peripheral may be con-
firmed. A, The diagonally upward view from the back surface. B, The enlarged image. (The red 
arrow indicates the thoracodorsal artery, and the blue arrow indicates the thoracodorsal vein.)
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Liu et al.23 In addition, for coloring the vessels, Mi-
crofil was injected from the stump of thoracodor-
sal artery and vein when the process of maceration 
and decoloration of the nerve staining procedure 
was completed, and we tried to make specimens’ 
nerve and vessels colored at the same time. How-
ever, the weak vein walls sometimes ruptured dur-
ing the processes of decalcification, staining, and 
decolorization and neutralization, causing Microfil 
to leak outside the veins and making it impossible 
to mark arteries, veins, and nerves in a single speci-
men at the same time. Accordingly, the procedures 
from decalcification to decolorization and neutral-
ization were omitted and rarefaction was carried 
out, thereby allowing the transparent specimen 
with a rendered artery and vein to be prepared. 

Meanwhile, the artery did not rupture during the 
processes of decalcification, staining, and decolor-
ization and neutralization, so a transparent speci-
men with both the artery and veins rendered could 
be prepared by carrying out all these procedures. 
By comparing and investigating these 2 types of 
transparent specimens, that is, 10 specimens with 
rendered artery and vein and 26 specimens with 
rendered artery and nerve, we succeeded in three-
dimensionally clarifying the positional relationship 
of these three.

Using the transparent specimens prepared in 
this manner, first, the positional relationship of 
the thoracodorsal artery, vein, and the nerve from 
the diagonally upward view was macroscopically 
examined. We found that the thoracodorsal artery 
and vein ran in parallel to a range where the pe-
riphery thereof was able to be confirmed, and they 
substantially ran in the same depth layer. However, 
which of the two ran in the shallower layer could 
not be accurately determined by the naked eye. 
Meanwhile, the thoracodorsal artery and nerves 
ran in parallel to a range where the periphery of 
the artery was able to be confirmed, and inside the 
muscle, the nerves constantly ran in a shallower 
layer compared to the artery. From this result, re-
garding the positional relationship of the artery, 
veins, and nerves running inside the muscle, it was 
surmised that the nerves ran in the shallowest lay-
er. An investigation into the depth was further car-
ried out on the vertical section with the purpose 
of verifying this.

On the vertical section, the artery and veins ran 
in the same layer in parallel immediately until enter-
ing the muscle, and the artery ran in the same or a 
deeper layer compared to the vein after entering the 
muscle. Moreover, regarding the artery and nerves, 
in the same manner as the findings from the diago-
nally upward view, it was confirmed that the nerves 
constantly ran in a shallower layer compared to the 
artery after entering the muscle. Accordingly, the 
nerves ran in the shallowest layer among the three, 
and we have reached a conclusion that the depth to 
the nerve in the muscle flap in facial reanimation 
surgery is safe enough to avoid damage to the thora-
codorsal nerves.

Subsequently, to determine to what degree of 
flap thickness thinning is possible, we measured 
the depth at which the thoracodorsal nerve runs 
inside the muscle from the vertical section of the 
specimen. Because there are individual differenc-
es in the thickness of the LD muscle and possible 
muscle thickness changes (contraction) when mak-
ing transparent specimens, we provided relative ra-
tio of the distance from the muscle surface to the 

Fig. 3. The route of the thoracodorsal artery and nerve from 
a diagonally upward view: The artery and nerve run substan-
tially in parallel to the region in which the periphery may be 
confirmed. The nerve passes a more superficial layer from the 
artery after invasion into the muscle. (The red arrow indicates 
the thoracodorsal artery, and the green arrow indicates the 
thoracodorsal nerve.) A, The diagonally upward view from 
the back surface. B, The enlarged image.
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nerves to the thickness of the entire muscle rather 
than actual numbers of them. We found that the 
minimum nerve depth was 50% within 8 cm from 
the site at which the descending branch used for fa-
cial reanimation enters into the muscle toward pe-
riphery. That is, it means that in facial reanimation 
surgery, the LD muscle flap may be safely thinned to 
half its thickness.

A couple of limitations should be considered in 
this study. First, the number of samples used in this 
study is small; therefore, a replication study using 
larger sample sets is needed. Second, a comparison 
of our findings with live LD muscle is needed, al-
though it is technically very difficult. Third, no speci-
men has artery, vein, and nerve, all in one. Fourth 
limitation is the limited sample size from which to 

make statements about anatomic variability. Fifth is 
the assessment of only the inferior TD nerve branch 
along the anterior latissimus border.

CONCLUSION
In conclusion, we have clarified the three-dimen-

sional positional relationship of the thoracodorsal 
artery, vein, and nerve inside the LD muscle. The pres-
ent result suggests that the depth to the nerve in the 
muscle flap in actual facial reanimation surgery is safe 
enough to avoid damage to the thoracodorsal nerves, 
and the LD muscle could be thinned to half its original 
thickness from the surface. We believe that this proce-
dure would be very useful to perform dynamic recon-
struction surgery for the treatment of facial paralysis. 

Fig. 4. The positional relationship of the thoracodorsal artery and vein on the vertical sec-
tion. The thoracodorsal artery runs in the same layer or a slightly shallower layer compared 
to the thoracodorsal vein in the muscle. A, The entire view of the vertical section of lattisimus 
dorsi muscle. B, The enlarged view of the vertical section. (The red arrow indicates the thora-
codorsal artery, and the blue arrow indicates the thoracodorsal vein.)

Fig. 5. The positional relationship of the thoracodorsal artery and nerve on the vertical sec-
tion. The nerve constantly runs in a shallower layer compared to the artery in the muscle, 
considering all specimens. (The red arrow indicates the thoracodorsal artery, and the green 
arrow indicates the thoracodorsal nerve.)
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