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Abstract

:

Reconstruction surgeries in the inguinal area are challenging for vascular surgeons, oncologists, orthopedists, and others. The pedicled sartorius flap is the most commonly used flap for reconstruction. The pedicled adductor longus is reported as a new method to reconstruct the inguinal region. The related anatomic study is rare. This work aims to make a comparison of pedicled adductor longus and pedicled sartorius on cadavers for better use. Out of the 12 thighs in the 6 cadavers analyzed, the author compares two surgical methods in terms of surgical details, exposure of vascular and nerve pedicle, flap harvesting, flap transposition and flap volume, etc. Through the course of this study, it is showed that the adductor longus flap had a sizable advantage over the sartorius flap in terms of exposure, harvesting, and flap volume.
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1. Introduction


Generally speaking, there are two types of procedures carried out in this area: resection procedures and dissection procedures. Local soft tissue defect frequently occurs during oncological surgery around the inguinal region, whether for lymph node dissection or relative tumor resection. Poorly vascularized local soft tissue commonly follows the vascular surgeries around the inguinal area resulting in numerous serious complications. The wound complications following vascular surgery or oncologic resections around the inguinal region have been reported to be up to 40% [1,2,3,4,5,6,7,8,9,10]. Reconstruction of soft-tissue loss around the inguinal region is a tough undertaking, especially for patients who have had oncological resections or who have had complications after vascular surgery. It is more likely that a direct closure without any reconstructions in the inguinal area will lead to a soft tissue defect or dead space, which may cause delayed healing, the wound dehiscence, and a post-operative abscess formation. In order to reduce these complications, surgeons have proposed a variety of methods, including the use of nonabsorbable sutures for skin closure, staples, closed-suction drains, negative pressure wound care, and alternatives of the incision site. Complication rates, however, remain significant. Up to 13–18% of all wound complications have been reported to require reoperation [7,8]. The flaps can provide a well-vascularized coverage to critical structures as well as an essential filling-out of dead space. Thence, many reconstructive methods, including myocutaneous flaps, fasciocutaneous flaps, and muscle flaps, have been published in the previous two decades to reduce inguinal complications. Pedicled muscle flaps described in literatures include sartorius flap (SAF), adductor longus flap (ALF), rectus abdominis flap (RA-M), tensor fascia lata flap (TFL-M), gracilis flap(G-M), and rectus femoris flap (RF-M) [5,11,12,13]. Karl Sörelius and Luigi Schiraldi et al. reviewed the literature of the 538 patients treated for various vascular surgical procedures, and noted that 293 patients (54.5%), out of the total, had their vascular coverage done with a sartorius flap. The sartorius flap is an easy and effective treatment [14]. The adductor longus flap has all the qualities of an ideal donor for a flap. From the authors’ clinical practice, the adductor longus flap is a good alternative for the inguinal region reconstruction [15]. However, the related anatomic study of adductor longus flap, even for the adductor longus, is rare and there is no comparison between the adductor longus flap and the sartorius flap. Hence, the aim of this work is to make a comparison of pedicled adductor longus and pedicled sartorius on cadaver for a better use.




2. Materials and Methods


Six fresh cadavers were dissected bilaterally, without evidence of lower limbs’ vascular disease. The mean age of specimens is 63.3 years, ranging from 51 to 75 years. The male/female ratio is 3/1, 4 males and 2 females. The natural latex was mixed thoroughly with the red polymeric dispersant as red latex for perfusion. Before the dissection, the bilateral femoral arteries of all six cadavers were exposed above the inguinal ligament. Then, they were injected with the red latex prepared previously into both femoral arteries until the skin of lower limbs flushed pink (details showed in Figure 1). They were preserved at −20 °C before dissection. All 6 cadavers were simulated with the pedicled adductor longus and the pedicled sartorius flap of bilateral sides at 20 °C room temperature. The perforators and dominant nerves of two different flaps were observed. The author made a comparison of the two procedures in exposure, transportation, fixation, and the volume of the flaps. The cadaver was in supine position, with the leg slightly abducted. An inverted H-shaped incision was used to approach the dissection area. The proximal incision is along with the inguinal ligament, and the distal incision is parallel to the level of the superior border of the patella. Then, an anterior incision above the femoral triangle that originated at the proximal incision and extended distally down to the distal incision was used to expose the dissection area. The plane of dissection was exposed from the superficial to the deep structures between the vastus medialis and sartorius muscles up to the femoral profound artery. The inguinal lymph node with the subcutaneous fat and fascia were removed meticulously to expose the femoral triangle. The saphenous vein was ligated at the saphenofemoral junction and the apex of the femoral triangle after the femoral triangle had been exposed. The femoral canal contents were identified, preserved, and exposed completely. The vessels had a distinctive red color because of the red latex. After that, the author carried out the two flap procedures.



The Procedures of the Pedicled Adductor Longus Flap and the Pedicled Sartorius Flap


The proximal insertions of the adductor longus and the sartorius were identified, then they were dissected at the pubis for adductor longus and at the anterior superior iliac spine for sartorius muscle. Both flaps were cautiously peeled to the distal angle of the femoral triangle. To preserve the major muscular perforators and branches, the flap was carefully peeled off. The detached origin was capable of reaching the inguinal ligament after the flap was transferred to cover the critical structures in the femoral triangle, meanwhile the rotation point of the sartorius flap was identified and marked. During the procedures, the terminal branches and dominant nerves of two flaps were preserved and observed. In each case, several photographs of dissected steps were obtained (procedures showed in Figure 2 and dissection showed in Figure 3).



After the two procedures, the two muscle flaps were cut for volume measurement by taking the horizontal line of the rotation point of sartorius muscle flap.



Measurement of the volume of the muscle flap: the authors used a 200 mL measuring cylinder filled with 100 mL of water each time and then completely immerged the excised muscle flap in 100 mL water, at which the reading minus 100 mL was the volume of the excised muscle flap. (Figure 4).



The studies involved human cadavers. ‘Clinical and anatomical study of the adductor longus flap in the inguinal reconstruction’ was approved by Medical Ethics Committee of Qilu Hospital of Shandong University with ethics code 2021(073). The registration number of the ethics committee is EC-20200221-1003.





3. Results


The femoral artery (FA) and the femoral profound artery (FPA) are where the adductor longus’ perforators originate throughout the six cadavers. While those from the FPA run from the center portion of the triangle to below the adductor longus, those from the FA start at the distal part of the femoral triangle above the adductor longus before perforating. The ones from the FPA are thicker in diameter than those from the FA. There are more perforators from the FPA than the FA. The adductor longus’ branches perforate in the middle of the femoral triangle underneath the muscle, whereas the sartorius muscles’ virtually equally perforate at the same height as the sartorius. (Figure 3 and Figure 5) Table 1 presents the overview of all six cadavers including sex, age, cause of death, volume of ALF and SAF on bilateral sides, and the differences and ratio of SAF and ALF on the same side (Table 1).



For the total 12 lower limbs, the mean volume of ALF is 54.7 mL, ranging from 30–130 mL, with a variance of 1147. The mean volume of SAF is 38.2 mL, ranging from 20–89 mL, with a variance of 553.6. The average volume difference between ALF and SAF is 16.5 mL, ranging from 8–41 mL, with a variance of 112.8. The mean ratio of SAF/ALF is 0.70, ranging from 0.63–0.76, with a variance of 0.0025. The mean ratio of left side is 0.72 with a variance of 0.0029, while that of right side is 0.68 with a variance of 0.00167.




4. Discussion


The femoral artery, vein, nerve, inguinal node stations, and inguinal canal all meet in the inguinal region as an important anatomical juncture. As a result, the inguinal area is frequently used as the site of surgery for a wide range of interventions from several departments, including surgical lymphadenectomy, diverse oncological resections, and numerous vascular, visceral, and urological surgical procedures. In inguinal region, these could result in soft tissue abnormalities and the exposing of important anatomical structures. Direct closure without any reconstructions for this area is more likely to result in a primary soft tissue defect or dead space, triggering wound dehiscence, delayed healing, and postoperative abscess formation, particularly for vascular surgery. Surgical reconstruction of the inguinal region is difficult due to the anatomical characteristics of inguinal defects between the abdomen and the thigh. Extensive defects with bacterial contamination, non-collapsible dead spaces, lymphatic leaks, and the healing issues with hypovascularization, or ultimately an irradiated area, based on the primary pathology, have been blamed for the poor wound healing in the inguinal region [16,17]. A complication incidence as high as 40% is indicated by the postoperative morbidity associated with inguinal procedures reported in the literature [1].



Regardless of the cause, it is essential to fill in any dead space and create a flap that is well-vascularized and metabolically active for all patients undergoing reconstructive inguinal surgery. Many reconstruction procedures, including myocutaneous flaps, fasciocutaneous flaps, and muscle flaps have been reported during the last two decades [14]. Pedicled muscle flaps reported in the literature are the sartorius flap (SAF), adductor longus flap (ALF), rectus abdominis flap (RAF), tensor fascia lata flap (TFLF), gracilis flap (GF), rectus femoris flap (RFF), and adductor longus flap (ALF) [14,15,17,18,19,20,21,22,23]. Karl Sörelius and Luigi Schiraldi et al. found that in order to lower the risk of infection and reducing the dead spaces, muscle flaps seem to be the best option for the patients following vascular surgery through a system literature review [14]. Among all of the muscle flaps, SAF was the most widely used. The sartorius muscle was first reported as a transposition flap in 1948 to cover exposed femoral arteries post-inguinal lymph node dissection [24]. The sartorius muscle, a type IV (Mathes and Nahai classification) long, thin biarticular muscle, arises from the anterior superior iliac spine (ASIS), runs obliquely, and then inserts onto the medial surface of the proximal tibia [25]. The sartorius muscle is innervated by branches of the femoral nerve. The muscle functions as a thigh flexor, abductor, and external rotator at the hip joint and as a knee flexor at the knee. The circumflex femoral artery and superficial femoral artery supply the proximal one-third of the muscle segmentally, while the superficial femoral vessels feed the middle third. The superficial femoral system, in addition to the branches of the descending genicular artery, vascularizes the distal part of the muscle. When supplied on either the proximal or distal pedicle, studies have shown that more than 80% of muscles survive [26].



The introduction of the perforator flap concept was a result of improvements in microvascular techniques, which revolutionized these reconstruction procedures. The idea of perforator flaps was recently introduced by Wei and Mardini, which created the opportunity to gain novel local reconstructive choices for the inguinal area with decreased donor site morbidity [27,28]. A unique sartorius and adductor fascial flap (SAFF) procedure has recently been published as an alternative to provide autologous tissue covering of the femoral vasculature without requiring the sartorius muscle or the adductor longus to be dissected and rotated [29]. The pedicle adductor longus flap is proven as a new technique for inguinal reconstruction from the authors’ clinical practice. The adductor longus flap has a lot of advantages such as a smaller transportation with better filling-in effect, lower risk of damage to the perforators and dominant nerves, and so on [15]. However, no comparative study of the ALF and SAF procedures has been carried out up until now, especially in cadaver study. In this study, the details of the procedures of ALF and SAF for the reconstruction are observed and compared to each other.



In the course of anatomical simulation operations, the SAF needs to peel more cutaneous fascial flap than the ALF. This could be the reason why Karl Sörelius and Luigi Schiraldi’s summary of the SAF for covering inguinal defects post-vascular surgery, despite showing a lower rate of partial flap necrosis, demonstrated a higher incidence of wound dehiscence attributed to delayed healing of almost 40% [14]. Along the oblique inguinal ligament, the adductor longus is stripped from the pubis to the lateral while the sartorius muscle is from the anterior superior iliac spine to the medial. When the ALF is turned and sutured to the inguinal ligament, there will be some tension, making the ALF need more stiches than the SAF when in fixation to the inguinal ligament, and postoperatively, the patient needs to be placed in a position with the knee and hip flexion as appropriate. Transporting of SAF will not have too much tension and no special requirements for the postoperative position. Through the images of the dissection procedure, it is evident that the ALF requires a smaller shift than the SAF to cover the vascular nerve tracts. (Figure 3).



The position and number of perforators of the profound femoral artery were described in numerous anatomical analyses of the branches of the profound femoral artery, but the scope of the muscular perforators supplying to the particular muscles are not mentioned [30,31]. During our cadaver dissection, it is obvious that muscular perforators and dominant nerves of adductor longus flap are beneath the muscle, the main perforators are from the perforating artery of the femoral profound artery, and the dominate nerves are from the obturator nerve., while the muscular perforators and dominant nerves of sartorius flap are innervated at the same level as the muscle. This anatomical feature makes ALF less likely than SAF to damage perforators and nerves when exposed to the muscle flaps. (Figure 3 and Figure 6).



The thickness of the muscle fibers affects the volumes of SAF and ALF, which are more susceptible to value changes. The fourth specimen’s SAF and ALF values during dissection were much more bilateral than those of the other specimens, and it was obvious from visual observation that the muscle fibers in this specimen were thicker. From Table 1, it is clear that the flap volume measurements for the fourth cadaver were much higher than those of the other groups. Due to the inadequacy of using numbers to depict the volume of the two muscle flaps, we have instead employed the SAF/ALF ratio to express the volume relationship between the two muscle flaps. The results of the autopsy study revealed that the volume ratio of SAF to ALF was close to 0.7, with a variance of 0.0025. As we all know, the femoral triangle (or Scapa’s triangle) is an anatomical region beside the groin, bounded superiorly by the inguinal ligament, medially by the adductor longus, and laterally by the sartorius [32,33,34]. If the adductor longus is separated from the anterior superior iliac spine, the medial bound of the femoral triangle has changed itself as well. The potential cavity of the femoral triangle is inevitably decreased without the ALF filling in. As the ALF is transported laterally to fill out the inguinal area, the dead space of the femoral triangle will be decreased dramatically.



Limitations of the current study include its relatively small sample size, lack of its clinical comparison, and the comparison of postoperative functional evaluation. However, the feasibility and the overall outcome of this cadaver study is reliable.




5. Conclusions


The sartorius flap requires more skin and subcutaneous tissue dissection than the adductor longus flap, and there is a higher risk of postoperative skin necrosis and delayed skin healing. The SAF/ALF muscle flap has a volume ratio close to 0.7 and revealed that the SAF is insufficient in cases of larger defects, which instead require the ALF. It demonstrated that the ALFs have a smaller displacement and provide a better fill effect than the sartorius. The smaller displacement of muscle, the less functional impact. The muscular perforators and dominant nerves of the SAF are in the same plane as the sartorius muscle and require extra care to avoid damage before the flap is manipulated. The perforators and nerves of adductor longus flap, on the other hand, are located below the muscle flap, and are usually not affected as long as the muscle and femoral artery are not compromised. SAF is relatively easier to fix than ALF and does not require special postoperative positions to reduce transported muscle tension. SAF can be chosen for lesions that invade medially, while ALF is for lesions that invade laterally.
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Figure 1. Preparation before the dissection (A) is the red polymeric dispersant. (B) is the red latex prepared in which the natural latex was mixed thoroughly with the red polymeric dispersant. (C) is the perfusion process, and the cadaver is injected with the red latex from B into the femoral artery above the inguinal ligament. (D) shows what looks like until the skin of the lower limb flushes pink. (E) is just at the beginning of the dissection. The subcutaneous capillaries can be visualized obviously after being perfused with the red latex. 
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Figure 2. Illustration showing anatomical details of flap reconstruction process: (A), after reconstruction with ALF (B) and with SAF (C) (RF: rectus femoris, AL: adductor longus, S: sartorius, VM: vastus medialis, N: femoral nerve, A: femoral artery, V: femoral vein, black oval: adductor longus attachment of pubis, black triangle: sartorius attachment of superior anterior iliac spine). 
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Figure 3. Photos showing two flaps after harvesting (A), photos of partial enlargement (B) (AL; adductor longus, SA: sartorius, black triangle: femoral artery, white triangle: femoral profound artery, black arrow: muscular perforators of SA). 
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Figure 4. Photos showing how to measure the volume of two flap A volumetric cylinder filled with 100 mL of water before each measurement (A), then SAF (B), and ALF (C), and were submerged in water totally separately reading as 126 mL and 134 mL. The volume of SAF is 26 mL and that of ALF is 34 mL. 
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Figure 5. Photographs indicating course of the perforators of adductor longus from the perforating artery of femoral profound artery: (A) shows the direct view to the adductor longus, (B) with the adductor longus lifted outwards, (C) with the adductor longus lifted inwards (red triangle: femoral artery, black triangle: femoral profound artery, AL: adductor longus, red arrow: perforating artery, the branch of femoral profound artery, black arrow: muscular perforators of the adductor longus). 
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Figure 6. Pictures illustrating how the perforators and branch of ALF go into the muscle (A,B) are from the No.5 cadaver after the adductor longus lifted from the insertion of the pubic body. (A) shows the perforators of adductor longus come from the perforating artery of femoral profound artery. (B) expands the perforators of adductor longus in (A). (C,D) are from No.2 cadaver. It is obvious that muscular perforators and dominant nerves of adductor longus flap are beneath the muscle. (Red arrow: femoral profound artery. Yellow arrow: the perforating artery of femoral profound artery. Black arrow: the perforators of adductor longus. Green arrow: the dominant nerves of the adductor longus.). 
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Table 1. The details of the cadavers.






Table 1. The details of the cadavers.





	
No.

	
Sex

	
Age

	
Cause of Death

	
Left-Side (mL)

	
Right-Side (mL)




	
Volume of ALF

	
Volume of SAF

	
Volume Difference

	
Ratio of SAF/ALF

	
Volume of ALF

	
Volume of SAF

	
Volume Difference

	
Ratio of SAF/ALF






	
1

	
M

	
61

	
EC 1

	
32

	
20

	
12

	
0.63

	
40

	
25

	
15

	
0.63




	
2

	
F

	
75

	
CI 2

	
34

	
26

	
8

	
0.76

	
38

	
24

	
14

	
0.63




	
3

	
F

	
65

	
EC 1

	
46

	
35

	
11

	
0.76

	
49

	
34

	
15

	
0.69




	
4

	
M

	
51

	
CH 3

	
120

	
84

	
36

	
0.70

	
130

	
89

	
41

	
0.68




	
5

	
M

	
54

	
CI 1

	
30

	
21

	
9

	
0.70

	
53

	
38

	
15

	
0.72




	
6

	
M

	
74

	
CI 1

	
52

	
39

	
13

	
0.75

	
32

	
23

	
9

	
0.72








1 EC: Esophageal cancer Tables may have a footer. 2 CI: Cardiac infarction. 3 CH: Cerebral hemorrhage
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