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Objective: The latissimus dorsi (LD) flap has generally been considered a workhorse flap in clinics. However, the impairment of
shoulder function and the dramatic appearance in the donor site are the major problems associated with traditional latissimus dorsi
myocutaneous flap (LDMF). Here, we analyzed the reliability of three types of LD flaps in repairing deep soft tissue defects in the
upper limbs, shoulder, back, and chest wall.

Methods: From December 2016 to December 2020, 21 patients from our center underwent reconstruction of deep soft tissue defects
using different types of LD flaps. The distribution of the thoracodorsal artery and the location of its branches were confirmed by
imaging examination. Based on the defects, traditional LDMF, thoracodorsal artery perforator flap with capillary perforators (TAPcp),
or low-skin-paddle pedicled LDMF was selected and specifically designed for each patient. The appearance satisfaction and shoulder
functional of daily life recovery were evaluated.

Results: A total of 12 traditional LDMF, 4 TAPcp, and 5 low-skin-paddle pedicled LDMFs were used. All flaps survived well. The
donor site was sutured directly with satisfactory appearance (n = 7) or repaired using skin grafts (n = 14). Compared to traditional
LDMF, TAPcp and low-skin-paddle pedicled LDMF have faster shoulder function of daily life recovery.

Conclusion: Based on the characteristics of defects, personalized design of different types of LD flaps is a reliable option to repair
different defects.

Keywords: latissimus dorsi myocutaneous flap, thoracodorsal artery perforator flap with capillary perforators, low-skin-paddle

pedicled flap, shoulder function

Introduction
The latissimus dorsi myocutaneous flap (LDMF) was first described in 1906." As a workhorse flap for soft tissue
reconstruction, the LDMF can provide a large amount of soft tissue and had reliable blood supply and strong anti-
infection ability.” However, the major disadvantages of the LDMF are wide scar and impairment of shoulder function in
donor site.>* Therefore, the technique has undergone constant improvements to reduce shoulder function impairment and
improve donor site appearance.

The design of the LD flap has been variously improved, including the thoracodorsal artery perforator (TDAP) flap,’
thoracodorsal artery perforator flap with capillary perforators (TAPcp)® and low-skin-paddle LDMF.” Different types of
LD flaps should be specifically designed and applied according to the characteristics of the soft tissue defect. Therefore,
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in this article, we describe our experience and outcomes with different deep soft tissue defects using three different types
of LD flaps.

Patients and Methods

Patient Enrollment
The study was approved by the ethics committee of Jinling Hospital. Informed consent was obtained from all patients in
accordance with the Declaration of Helsinki. From December 2016 to December 2020, a total of 21 patients who
received LD flaps to repair deep soft tissue defects were enrolled in the study. Patients who were in good general
condition and unobstructed thoracodorsal artery and tumors without distant metastasis were included. Patients who lost
follow-up were excluded.

Preoperative Preparation

All patients underwent routine laboratory investigations. Computed tomographic angiography (CTA) or digital subtrac-
tion angiography (DSA) was performed in patients who had undergone traumatic injuries or radiotherapy to confirm the
thoracodorsal artery patency. Patients with tumors or infected wounds underwent magnetic resonance imaging (MRI) to
determine the extent of the defect. For patients who need to achieve sufficient pedicle length, angiographic visualization
of the thoracodorsal artery was performed by DSA.

Flap Design

For each patient, the location, size, and extent of the lesion were evaluated. Based on the above information, the flap was
designed and applied. The traditional LDMF was used to cover defects with exposure of bone or internal fixator,
especially huge deep soft tissue defects. TAPcp was designed for defects involving only deep fascia. The low-skin-paddle
LDMF was designed to get sufficient pedicle length to repair the farther distance defect, such as the upper limb, median
back, etc.

Operative Technique
At first, debridement and tumor resection were performed. After severe infected debridement, negative-pressure therapy
was applied for 1 or 2 weeks until the condition of the wound was suitable for reconstruction.

A line was drawn from the middle of the iliac crest to the bifurcation point of the thoracodorsal artery, at
approximately 2 cm from the anterior edge of the LD muscle and 2.5 cm from the posterior axillary fold. For the
traditional LDMF, a line was incised as the central axis. The anterior edge of the LD muscle was identified and exposed.
The flap was incised to the deep surface of the LD muscle. The avascular plane deep to the muscle is entered and gently
elevated with blunt instruments, permitting visualization of the thoracodorsal vessels that run along the muscle’s deep
surface. After verifying the vessels’ location, a medial incision delineates the skin paddle to be harvested, ensuring the
paddle overlies the vessels.

TAPcp flap was in transverse or slightly oblique locations. The lateral edge of the skin paddle was applied 2-3 cm
lateral to the anterior border of the LD muscle. The width of the muscle strip included in this flap ranged from to 4-5 cm
to ensure maximal perfusion from the capillary perforators of the thoracodorsal artery.

A low-skin-paddle LDMF was obtained from the outer lower margin of the muscle and middle-lower back, with
a vascular pedicle of sufficient length. In case the length of the vascular pedicle still proved insufficient, the horizontal
branch of the thoracodorsal artery was ligated for further separation from the root of the artery. During harvesting of the
TAPcp and low-skin-paddle LDMF, particular attention was paid to protect the thoracodorsal nerve to preserve muscle
function.

The flap donor sites were closed primarily when possible. We attempted to place the scar in the “bra strap” line, which
allows the patient to expose the back without showing their scars. When the flap width was larger than 8 cm, the donor
site needed to be covered by skin grafts.

Figure 1 illustrates the design of the three flaps.
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Figure | A schematic illustration of traditional LDMF, TAPcp flap and low skin paddle pedicled LDMF. |, Thoracodorsal artery. 2, latissimus dorsi muscle. 3, Traditional
LDMEF. 4, TAPcp flap. 5, Low skin paddle pedicled LDMF. 6, Perforating branches of the 9th, 10th and | Ith intercostal artery. 7, Perforating branches of the lumbar arteries.
Blue circle, the perforator of descending branch of the thoracodorsal artery.

Evaluation

All patients underwent at least one-year follow-up. The evaluation included the shoulder function in daily life and
appearance satisfaction. The Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire was used for the
evaluation of shoulder function of daily life, which was performed 1 day before and 3, 6, 12 months after surgery. In
the last follow-up, patient satisfaction with appearance was assessed using visual analog scale (VAS).

The Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire is a validated method for measuring arm,
shoulder, and hand function.® The DASH questionnaire consists of 30 questions assessing the impact of upper limb
disability on activities of daily living, with scores ranging from 0 (full function) to 100 (no function). To obtain the final
scores, the arithmetic means of at least 27 of the 30 items were adjusted utilizing the following formula: (mean — 1)x25.

Appearance satisfaction was assessed using an 11-point VAS questionnaire. Patients rated their appearance of
recipient and donor sites on a numeric rating scale ranging from 0 to 10. Patients recording a score >8 were considered
satisfied appearance, and those recording a score <8 were considered less satisfied.

Statistical Tools
Statistical analysis was performed using version 25.0 of the SPSS software (IBM, Chicago, IL, USA). The normal
distribution of the data was determined by one-sample Kolmogorov—Smirnov test. Independent-Samples T text or
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Wilcoxon—-Mann—Whitney U text was used to compare the differences between the two groups. If there were statistically
significant differences, a post-unplanned comparison test was performed. Statistical significance was set at P < 0.05.

Results

The age of the patients ranged from 21 to 75 years. The causes of defects included tumor resection (n = 12), trauma (n =
1), radiation-induced ulcer (n = 7), and scar (n = 1). The defects were located in the upper limbs (n = 1), shoulder (n = 3),
back (n = 4), and chest wall (n = 13). 17 patients had bone or internal fixator exposure and the muscularis propria
exposure in 4. Patients were categorized according to the three types of LD flaps utilized for their reconstruction:
traditional LDMF (Group 1; n = 12), TAPcp (Group 2, n = 4), and low-skin-paddle LDMF (Group 3, n = 5) (Table 1).

The size of the traditional LDMF ranged from 12 x 8 cm? to 28 x 20 cm?, that of the TAPcp from 10 x 7 cm? to 13 x
8 cm?, and that of the low-skin-paddle LDMF from 9 x 9 cm” to 15 x 8 cm?. The donor site was sutured directly (n = 7)
or repaired using a skin graft (n = 14). All flaps and skin grafts survived well. In one case, the donor site had a hematoma,
and two cases presented with a seroma. All patients expressed satisfaction with their recipient site. The directly sutured
donor sites had a good appearance (n = 7), while the majority of skin graft donor sites did not (n = 13) (Table 1).

In the evaluation of shoulder function of daily life, one patient with upper limb trauma was excluded. Compared to
preoperative baseline values, the changes in the DASH scores are shown in Table 1. The traditional LDMF caused
significant impairment of shoulder function of daily life at 6 months after operation (P < 0.05). On the other hand, TAPcp
and low-skin-paddle LDMF caused a statistically significant functional impairment of the shoulder at 3 months after
operation (P < 0.05). All in all, compared to the traditional LDMF, TAPcp and low-skin-paddle LDMF have less
functional impairment and faster postoperative recovery.

Figures 2—4 introduced the characteristics of three patients that received the traditional LDMF, TAPcp, and low-skin-
paddle LDMF, respectively.

Discussion

Deep soft tissue defects in the upper limb, shoulder, back, or chest wall caused by trauma, tumor resection, and
radiotherapy are common clinical problems. However, skin grafts for deep soft tissue defects are not suitable due to
their poor blood supply.” For these defects, musculocutaneous flaps perfused by large vessels, can increase the blood
supply to the defects, fill the cavity, and cover the wounds.'® Among these, the LD flap has been greatly applied.

The anatomical study has shown'' that the LD muscle is a typical V-shaped muscle and is supplied by the branches of
the thoracodorsal artery, the 10th and 11th intercostal arteries, and the 1st and 2nd lumbar arteries. The LD muscle is
divided into different vascular territories, with an abundant vascular network connecting them. This provides the
possibility of designing different types of flaps.

In other words, LD muscle can provide large amounts of soft tissue and rich blood supply. As a result, LD flaps are
widely used in plastic and reconstruction surgery. The advantage of using “LD flaps with muscle” is that such procedures
can fill large deep soft tissue defects and performed immediately in cases requiring urgent vascularized soft tissue
coverage.'? To fill the defects and promote healing reliably, we prefer the flap with muscle to cover defects with
extensive exposure to bone and internal fixation. As a result, traditional LDMF is irreplaceable role in clinical
applications.

Due to poor back tissue mobility, when the width of traditional LDMF was more than 8cm, it could not be sutured
directly to close the donor sites. In our study, we observed that the donor site was sutured directly with satisfactory
appearance. In order to repair large deep soft tissue defects while obtaining a good appearance of the donor site, many
improvements of traditional LDMFs have been proposed, such as a multilobed LDMF? and pre-expanded LDMFs.'? In
addition, several studies have reported that perforator propeller flaps can be utilized to correct the LDMF donor site
defects.'*

The main functions of the LD muscle are internal contraction, internal rotation, and abduction of the shoulder joint.
A number of studies®'>'® had shown that the function of the LD muscle can be partially replaced by the synergic muscle
through exercise, and traditional LDMF grafting has little impact on the patients’ daily life. However, large-scale or even
total muscle damage had a significant impact on physical activity and movement, with the shoulder joint flexion and
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Table | General Conditions and the VAS Scores and the Changes in the DASH Scores

Age/Sex Flap Donor-Site VAS DASH
Type Size Closure Recipient Donor Pre- 3 Months 6 Months 12 Months
Site Site Operation Postoperatively Postoperatively Postoperatively
| 53F Traditional LDMF 20%17 Skin graft 8 6 35 49 42 36
2 50F 9*13 Skin graft 9 5 31 40 36 33
3 55F 13*%9 Skin graft 10 7 29 39 37 31
4 54F 17%15 Skin graft 8 4 33 45 39 35
5 52F 3% 1 Skin graft 10 6 25 41 35 27
6 65F 10%16 Skin graft 9 7 28 37 34 30
7 43F 22%12 Skin graft 10 5 4 19 17 14
8 49F 18*%15 Skin graft 9 6 10 21 19 18
9 45F 23*%18 Skin graft 9 3 9 18 17 15
10 5IF 14¥16 Skin graft 8 4 7 21 18 16
11 54F 28*%20 Skin graft 9 5 9 20 18 14
12 47F 12*8 Directly sutured 10 10 8 19 16 13
13 5IF TAPcp 12*8 Directly sutured 9 10 4 7 7 5
14 68F 10%8 Directly sutured 10 10 6 8 6 4
15 66M 12*8 Directly sutured 9 9 4 7 6 4
16 71M 13*%8 Directly sutured 10 10 9 I 10 8
17 60M Low-skin-paddle 9%9 Skin graft 8 5 3 6 5 5
18 41F pedicled LDMF 15%8 Directly sutured 10 10 9 I 10 10
19 35M 10%7 Directly sutured 10 10 4 6 6 5
20 39M 1011 Skin graft 10 6 5 7 7 6
21 37M 10*5 Skin graft 9 8 - - - -
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[EERUY


https://www.dovepress.com
https://www.dovepress.com

Yu et al Dove

Figure 2 Case | A 54-year-old female patient had a chronic radiation ulcer in the right chest wall. Traditional LDMF was used to repair the defect. The flap survived well.
(A) The defect before operation. (B) Traditional LDMF was formed after 6 mouths. (C) The donor site was repaired by skin graft with a poor appearance.

Figure 3 Case 2. A 66-year-old male patient had a recurrent malignant neurilemmoma in the left shoulder. TAPcp flap was used to repair the defect after tumor resection.
The donor site was sutured directly. (A) CTA showed the thoracodorsal artery and its branches patency (Blue arrows showed the branch of the thoracodorsal artery). (B)
The tumor and the design of flap was shown. (C) The tumor was excised and the flap was harvested. (D) The flap survived well and donor site was closed directly.

extension of shoulder, and the impact of upper extremity strength are significant. The functional impairment and donor
site scarring caused by harvesting large size traditional LDMF, which would sacrifice most of the muscles, have been
a subject of debate.®'” An increased focus on donor site morbidity and preservation of function has also influenced views
on traditional LDMF designs.
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Figure 4 Case 3. A 48-year-old female patient had scar deformity in neck. (A) The scar before operation. (B) DSA showed that the distal end of the descending branch of
the thoracodorsal artery is around the 9th rib. (C) The flap was harvested. The red line showed the length of vascular pedicle was about 21cm. (D) The appearance after
operation. (E) The donor site healed with satisfactory appearance.

To reduce muscle injury and protect the function, the TDAP flap was first described as the “latissimus dorsi flap
without muscle” in 1995."® Since then, TDAP flap has been widely used in plastic surgery.'” However, the major
difficulty with the TDAP flap is the variability and anatomical difficulty of the perforators that harvesting requires
a complex pedicle dissection in operation.® In 2001, Schwabegger et al introduced the design of a muscle-sparing
latissimus dorsi flap (MSLDF) to ensure a reliable blood supply to the flap without specifically dissecting out the
perforators of thoracodorsal artery, instead carrying a small piece of muscle.?' In 2010, thoracodorsal artery perforator
flap with capillary perforators (TAPcp) had been described, which is perfused by capillary perforators.® The design
concepts of the MSLD flap and TAPcp flap were similar, but with different nomenclature perspectives. The TAPcp flap
was named for the source of blood supply, whereas the preserved MSLD flap advocated preserving most of the muscle at
the time of flap harvesting. Compared to the TDAP flap, TAPcp with a small amount of muscle around the vascular
pedicle without dissecting a specific perforator are relatively more robust, reliable, and easier to harvest.”* The skin
paddle location is designed along the axis of the descending branch of the thoracodorsal artery whatever the perforator
location. In other words, TAPcp introduces further improvements such as increased robustness, reliability, and easy
harvesting compared to the TDAP flap. Compared with the bulky traditional myocutaneous flap, this flap was thinner and
was suitable for repairing deep fascial defects is more suitable for repairing deep fascial defects. We also preferred to
name the flaps based on the source of blood supply. Therefore, in this study, we used the naming of “thoracodorsal artery
perforator flap with capillary perforators”.

Due to the limitations imposed by the pedicle length, traditional LDMF and TAPcp cannot repair distal defects. In
cases where a longer vascular pedicle is necessary, low-skin-paddle pedicled LDMF can be applied.” The low-skin-
paddle pedicled LDMF is named as such because of the position of the skin island. This flap is supplied by the complex
anastomotic branches among the thoracodorsal artery, the 10th and 11th intercostal arteries, and the 1st and 2nd lumbar
arteries. It is necessary to identify the location and distribution of the thoracodorsal artery and its branches when these
flaps were designed. In our cases, we observed that the descending branch of the thoracodorsal artery could extend to the
9th rib or lower by DSA. Therefore, we designed these flaps along the middle-lower back, between the 9th and 11th ribs,
that is, 15-20 cm above the iliac crest. Therefore, the distal part of the skin paddle can be harvested without damaging the
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LD muscle or fascia. This flap has a lower position, longer vascular pedicle, and wider arc of rotation, so it can be
utilized to repair distal defects without tension.

In this study, both the TAPcp flap and low-skin-paddle pedicled LDMF preserved most of the LD muscle at the time
of flap harvesting; therefore, we believed that these two types of flaps could be classified as “MSLDF”. Regardless, both
TAPcp and low-skin-paddle pedicled LDMF offer the possibility of preserving the LD muscle, thus reducing donor site
morbidity. Our study showed that TAPcp and low-skin-paddle pedicled LDMF preserved the function of the donor area
to the greatest extent and result in a faster postoperative recovery.

These improvements achieve primary donor site closure and greatly improve the versatility and capability of the
LDMF in the reconstruction of large defects. Unfortunately, these methods have their own limitations, and the suitable
method for widespread clinical application has not been found. We are continuously exploring better myocutaneous flap
designs to repair large size defects while closing the donor site in one stage.

In conclusion, for deep defects with exposed bones or internal fixation stents, particularly in large areas, we continue
to prefer the flap with muscle to cover defects. Compared with flaps without muscle, myocutaneous flaps are stronger and
more reliable, and can better fill the defect cavity and promote wound healing. In addition, the TAPcp flap or low-skin-
paddle LDMF ensure significantly lower shoulder disability compared with the traditional LDMF and faster recovery.
Patient satisfaction of flaps was very high in this study, confirming that these three types of flaps provide excellent soft
tissue reconstruction in patients with diverse lesions.
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