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The challenge of the reconstructive plastic surgeon is to restore form and 
function of defects induced by trauma or ablative surgery. Many plastic 
surgical basic concepts and techniques have stood the test of time,
but - particularly in reconstructive surgery - the defects and concomitant 
problems to be solved are ever expanding and changing. This diversity 
demands improvisation as the reconstructive solutions to be offered can 
rarely be based on protocols. Therefore, innovation ought to be the hallmark 
of plastic surgery and the applied techniques have to evolve constantly.
Flaps are the basic building blocks that enable the reconstructive surgeon 
to restore safely and reliably. Initially, the main goal consisted of mere 
flap and patient survival. However, with better primary treatment options 
leading to longer survival, more emphasis is placed on quality of life for the 
patients. The latter also led to increasing considerations to minimize donor- 
site morbidity. As a consequence, many refinements of existing techniques 
have been described and new flaps have been developed and presented.

The evolution from tubed fasciocutaneous flaps to 
myocutaneous island flaps over the last century

In the beginning of the era of modern plastic surgery (early 20th century) 
almost exclusively fasciocutaneous flaps were used. The popularization of 
Filatov’s technique by Gillies of tubing a fasciocutaneous flap allowed for 
these flaps to be “waltzed” in many successive steps from the donor site 
on one part of the body, to the receptor site on another part.1,2 These flaps 
were designed and raised without recognition or purposeful inclusion of 
any central vascular pedicle, as “random” flaps. Consequently, they often 
needed a delay procedure to improve the vascularization of the tissue 
included. Gillies’  influence was so powerful, that this concept of delaying 
and tubing random flaps remained the art of plastic surgery until well in 
the 1960’s even though the Dutch plastic surgeon Esser had stressed the 
importance and reliability of including an “axial” vascular pedicle in “artery 
flaps” or “island” flaps, already in 1916.3

In the late 1960’s, attention was again paid to the distinct arterial and 
venous supplies of fasciocutaneous flaps, after McGregor and Jackson4 re-
introduced the concept of arterial or axial flaps. The question was raised 
why the deltopectoral flap that had been described by Bakamjian,5 survived 
to such large lengths. They demonstrated that it was an axial flap and this 
prompted them to search for other flaps with similar vascular characteristics. 
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Once the uniqueness of the medially based deltopectoral flap was thus 
recognized,6  a purposeful search for independent cutaneous vascular 
territories was started. This renewed recognition of the difference between 
random and axial flaps was a remarkable transition in the thoughts on flap 
surgery.
This revived recognition led to the interest in superficial muscles such 
as the pectoralis major and latissimus dorsi muscles acting as vascular 
carriers for the overlying skin paddles.6,7  Orticochea clinically proved the 
feasibility of the musculocutaneous flap as suggested some years before by 
Owens8 and was the first plastic surgeon of our plastic surgery era to use a 
compound myocutaneous gracilis flap without delay of the overlying skin 
paddle.9  Subsequently, many musculocutaneous flaps were developed and 
introduced, as of the early 1970’s. Orticochea, McCraw10 and other famous 
“flap discoverers” are exemplary of the innovative and improvising qualities 
needed by reconstructive plastic surgeons. Still, these innovations again 
comprised a re-introduction of the technique since Tansini11 had already 
introduced the use of a latissimus dorsi myocutaneous flap for breast 
reconstruction in 1906. However, his contribution was not followed by a 
general recognition of the myocutaneous flap as an entity that exists in 
most areas of the body and also this technique was initially enthusiastically 
accepted but was subsequently ignored and finally forgotten entirely.
The next evolutionary step was the development of myocutaneous island 
flaps that were transposed while left attached to the body only by their 
vascular pedicle. In 1973, Dibbell12 proved this to be clinically feasible by 
using a composite biceps femoris for a perineal radiation ulcer. McCraw13

first demonstrated the efficacy of primary application of this concept when 
he transferred a gracilis myocutaneous island flap immediately following a 
pelvic exenteration, in 1976. This opened the way for the development of 
further myocutaneous flaps and progress from this early point was rapid. 
Meanwhile, Vasconez14  had set out to duplicate and further expand on the
early experience with muscle flaps reported by general surgeon Ger, 
in 1972.15,16 By doing so, he popularized the concept of variable vascular 
dominance of muscles which proved to be of importance for all future 
myocutaneous flap developments. Within one year, the biceps femoris, 
gracilis, gastrocnemius, rectus femoris, trapezius, rectus abdominis, 
latissimus dorsi and pectoralis myocutaneous flaps were all well defined.17-22
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The evolution of microvascular surgery and free flaps

The operating microscope was invented in 1921 by Carl Nylen,23 but several 
technical developments were necessary before successful suturing of sub-
macroscopic vessels and nerves was feasible. Replantation was the first 
clinical application of such microvascular surgery. In 1964, Malt24 successfully 
replanted an arm and the first digital replantation was performed by 
Tamai in 1965.25  Microsurgical experience increased accordingly and the 
expanding knowledge of the vascular anatomy of skin and muscle came 
together in the 1960’s when it was recognized that the vascular pedicle 
of musculocutaneous island flaps could be transected and anastomosed 
elsewhere on the body. This allowed transplantation of tissues to distant 
sites of the body without the need of multi-staged “waltzing” of the flap.
Krizek performed the first experimental free composite tissue trans-
plantation based on the superficial epigastric vessels of a dog, in 1965.26

The term “free” flap was subsequently adopted to indicate revascularization 
of a flap completely detached from its donor site. The first use of a free flap 
in a human patient was published by Antia and Buch in 1971,27 when they 
reported on a free groin flap used to fill a facial defect. The procedure was 
complicated by an infection and (at least partial) necrosis of the flap. The 
first entirely successful free flap operation in a human was performed in 
1970 by McLean and Buncke28 who used an omentum flap for a large scalp 
defect. 
The first decade was spent on flap anatomy and experimenting with new 
flaps, as well as on expanding the indications for free tissue transfer. In that 
period, an endless variety of flaps was described. During the late 1980’s 
en 1990’s, research increasingly focused on flap refinements and donor 
site choice. It was accepted that any free flap should contain the right 
components to address the anatomical and functional requirements of 
the defect to be reconstructed. The ideal flap should match the recipient 
site not only in size, but also in texture, form, and color. These advances in 
free flap surgery were rapid and the clinical use of free microvascular flaps 
has now been widely available for more than 30 years. As more and more 
free flaps are performed as elective operations, donor-site morbidity and 
conspicuousness becomes less and less accepted. This gave a tremendous 
boost to the recent development of perforator free flaps.29,30
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The pectoralis major myocutaneous flap and its evolution 
in historical perspective

The innovative urge that comes natural to plastic surgeons should not 
blind them to the goals of avoiding donor-site morbidity, achieving optimal 
form and function at the recipient site, and providing safety throughout 
the reconstructive procedure. That emphasis was put on the reconstructive 
triangle, which was described in 1997,31 and stresses the importance of 
proper selecting of technique. Additionally, it recognizes that less trendy 
“workhorses” that remain very useful, again tended to become ignored and 
forgotten while investigators and clinicians focused on the new flaps and 
techniques that were developed over these 30 stormy years. One of these 
workhorses is the pectoralis major muscular or myocutaneous flap.
After introduction of the pectoralis major for reconstruction of chest 
wall defects by Pickerel in 1947,32 it was first described as a pedicled 
musculocutaneous flap for head and neck reconstruction by Ariyan in 
1979.33 Although the pectoralis major flap has been shown to reach above 
the zygoma in a minority of patients, this flap reliably provides adequate 
quantities of skin and muscle to resurface large intraoral, hypopharyngeal, 
facial, and cervical defects mainly. At the time, it was felt to be more reliable 
than earlier techniques including the deltopectoral flap and, consequently, 
it became the workhorse of head and neck reconstruction even though 
complication rates varied from 14% to 69%.34,35

Donor-site sequelae of transposition of the pectoralis major are alleged 
to be few,36 but mobilization of the entire muscle may cause functional 
impairment of the arm36 and creates a donor-site deformity.31,36  This may 
be particularly important in cases where trapezius motor function is 
simultaneously lost as the result of sacrifice of the accessory nerve during 
neck dissection.36-38 To reduce the secondary cosmetic and functional donor-
site defects, techniques have been described that use a limited portion 
of the muscle while leaving part of the muscle undisturbed36,39-43 with an 
intact motor innervation. The basis for splitting the pectoralis major muscle 
was first demonstrated by Tobin in 1985.42 The muscle has three segmental 
neurovascular subunits: the clavicular, the sternocostal, and the external 
subunit. These segments can be transferred independently on vascular 
pedicles from the thoracoacromial, internal mammary and lateral thoracic 
vessels.
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This inspired us to refine the technique of harvesting the pedicled pectoralis 
major flap by using only the sternocostal part of the muscle in order to 
minimize donor-site morbidity.
To preserve the function of the remaining clavicular segment of the 
muscle an intact innervation of this segment after transfer of the other 
segment(s) of the muscle is required. Therefore, a detailed anatomical 
study of the origin and course of the nerve branches is necessary because 
only few anatomical studies have been reported on the nerve supply to 
the clavicular part,44-46 and these usually lack an anatomical description of 
the nerves that is clinically applicable. Moreover, previous studies did not 
focus on the route of transfer. When the sternocostal part of the pectoralis 
major muscle is used as a segmental pedicled flap on its thoracoacromial 
vascular pedicle for head and neck reconstruction, the flap is transposed 
upwards. This route of transfer in cranial direction, should not damage the 
nerve branches to the cranial clavicular part that is left in situ. Though it 
has been stated that this transfer allows preservation of the nerve supply 
to clavicular part at the donor site,36,39,41,42 it was not clear whether or how 
these nerves were preserved. This stimulated us to investigate the nerve 
supply to the clavicular part of the pectoralis major muscle, focusing on the 
route of transfer that preserves the innervation during surgery. After this 
was established, we assessed the outcome of such transfer of the segmental 
pectoralis major flap at both the donor and receptor site.
Although free tissue transplantation has superseded the pedicled 
pectoralis major flap to a great degree, the latter is still often used in various 
circumstances. This includes conditions in which recipient vessels are 
unavailable for microvascular anastomosis, when the patient’s condition 
is considered too unstable to tolerate free tissue transfer or long surgical 
procedures, or for salvage procedures after failed primary reconstruction or 
recurrence of tumor. Moreover, it can be used in conjunction with a free flap 
for combined defects. Still, the pectoralis major muscle itself also features 
several characteristics of a favorable muscle or musculocutaneous free 
flap. It is wide and flat and may provide a more favorable fit to the size and 
contour of superficial defects than other muscles do. Both the muscle and 
its vascular pedicle are easily accessible and the flap can be harvested with 
the patient remaining in a supine position or lying on his side, allowing for 
recipient sites anywhere on the body. The flap may be used when other 
flaps are unavailable or contraindicated because of previous use, prior 
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radiotherapy, or potential division of their vascular pedicle by previous 
surgery. When raised as a segmental flap, the remaining cranial clavicular 
and the abdominal parts of the muscle maintain their function and 
reduce the donor-site morbidity. These potential advantages stimulated 
us to explore both the anatomical, and clinical feasibility of the use of the 
segmental pectoralis major flap as a free flap.

Outline of the thesis

In chapter 2, we present an anatomical study on the nerve supply to the 
clavicular part of the pectoralis major muscle in order to evaluate the 
possibility to preserve the innervation to this part. The distal distribution 
of the nerves, the spatial relationship to the main vascular pedicle, and the 
ways to preserve them during surgery are depicted. This way, the anatomical 
basis for a muscle-sparing technique of pectoralis major island flap transfer 
could be assessed.
In chapter 3, we describe the functional outcome at the donor site after 
clinical application of this new technique of transfer of the sternocostal 
segment of the pectoralis major muscle while preserving its clavicular 
segment. To objectify preservation of the nerve supply and motor function 
of the clavicular part, measurements were made electromyographically, 
dynamometrically, and goniometrically. Subjective assessment was 
obtained by use of a structured questionnaire.
In chapter 4 the reliability and clinical outcome at the receptor site of our 
muscle-sparing technique is presented. Overall rate of complications, the 
rate of major complications, and the final outcome at the receptor sites 
were studied. Also, possible risk factors for complications were analyzed. 
The findings were compared to those of a meta-analysis of other studies.
Additional anatomical research after the length and diameter of the vascular 
pedicle of the pectoralis major muscle in order to assess its feasibility as a 
segmental free flap is presented in chapter 5 and, in chapter 6, we present 
the clinical application of this segmental pectoralis major free flap in five 
patients.
Finally, chapter 7 features an epilogue and the conclusions of our studies.



Chapter 1

16

References
1. Gillies HD. Chapter I: Principles. In: Plastic surgery of the face. London. Frowde, Hodder and Stoughton. 

1920; 3-34.
2. Filatov VP. Plastic procedure using a round pedicle. Surg Clin North Am. 1959;39:277-287.
3. Esser JFS. Neue wege für chirurgische plastiken durch heranziehung der zahnärtzlichen technik. 

Bruns' Beiträge zur klinischen Chirurgie. 1916;103:547-555.
4. McGregor IA, Jackson IT. The groin flap. Br J Plast Surg. 1972;25:3-16.
5. Bakamjian VY. A two-stage method for pharyngoesophageal reconstruction with a primary 

pectorals skin flap. Plast Reconstr Surg. 1965;36:173-184.
6. Hueston JT, McConchie IH. A compound pectoral flap. Aust N Z J Surg. 1968;38:61-63.
7. Desprez JD, Kiehn CL, Eckstein W. Closure of large meningomyelocele defects by composite skin-

muscle flaps. Plast Reconstr Surg. 1971;47:234-238.
8. Owens N. A compound neck pedicle designed for the repair of massive facial defects: formation, 

development and application. Plast Reconstr Surg. 1955;15:369-389.
9. Orticochea M. The musculo-cutaneous flap method: an immediate and heroic substitute for the 

method of delay. Br J Plast Surg. 1972;25:106-110.
10. McCraw JB. The recent history of myocutaneous flaps. Clin Plast Surg. 1980;7:3-7.
11. Tansini I. Sopra il mio nuovo processo di amputazione della mamella. Gazetta Medica Italiana.

1906;57:141.
12. Dibbell DG. Use of a long island flap to bring sensation to the sacral area in young paraplegics. Plast 

Reconstr Surg. 1974;54:220-223.
13. McCraw JB, Massey FM, Shanklin KD et al. Vaginal reconstruction with gracilis myocutaneous flaps. 

Plast Reconstr Surg. 1976;58:176-183.
14. Vasconez LO, Bostwick J, III, McCraw J. Coverage of exposed bone by muscle transposition and skin 

grafting. Plast Reconstr Surg. 1974;53:526-530.
15. Ger R. Surgical management of ulcerative lesions of the leg. Curr Probl Surg. 1972;1-52.
16. Ger R. The management of chronic ulcers of the dorsum of the foot by muscle transposition and 

free skin grafting. Br J Plast Surg. 1976;29:199-204.
17. Davis WM, McCraw JB, Carraway JH. Use of a direct, transverse, thoracoabdominal flap to close 

difficult wounds of the thorax and upper extremity. Plast Reconstr Surg. 1977;60:526-533.
18. McCraw JB, Furlow LT, Jr. The dorsalis pedis arterialized flap. A clinical study. Plast Reconstr Surg.

1975;55:177-185.
19. McCraw JB, Dibbell DG, Carraway JH. Clinical definition of independent myocutaneous vascular 

territories. Plast Reconstr Surg. 1977;60:341-352.
20. McCraw JB, Dibbell DG. Experimental definition of independent myocutaneous vascular territories. 

Plast Reconstr Surg. 1977;60:212-220.
21. McCraw JB, Fishman JH, Sharzer LA. The versatile gastrocnemius myocutaneous flap. Plast Reconstr 

Surg. 1978;62:15-23.
22. McCraw JB, Magee WP, Jr., Kalwaic H. Uses of the trapezius and sternomastoid myocutaneous flaps 

in head and neck reconstruction. Plast Reconstr Surg. 1979;63:49-57.
23. Kriss TC, Kriss VM. History of the operating microscope: from magnifying glass to microneurosurgery. 

Neurosurgery. 1998;42:899-907.
24. Malt RA, Mc Khann C. Replantation of several arms. JAMA. 1964;189:716-722.



General introduction

17

25. Tamai S. History of microsurgery-from the beginning until the end of the 1970s. Microsurgery.
1993;14:6-13.

26. Krizek TJ, Tani T, Desprez JD et al. Experimental transplantation of composite grafts by microsurgical 
vascular anastomoses. Plast Reconstr Surg. 1965;36:538-546.

27. Antia NH, Buch VI. Transfer of an abdominal dermo-fat graft by direct anastomosis of blood vessels. 
Br J Plast Surg. 1971;24:15-19.

28. McLean DH, Buncke HJ, Jr. Autotransplant of omentum to a large scalp defect, with microsurgical 
revascularization. Plast Reconstr Surg. 1972;49:268-274.

29. Blondeel PN, Van Landuyt KH, Monstrey SJ et al. The "Gent" consensus on perforator flap terminology: 
preliminary definitions. Plast Reconstr Surg. 2003;112:1378-1383.

30. Koshima I, Soeda S. Inferior epigastric artery skin flaps without rectus abdominis muscle. Br J Plast 
Surg 1989;42:645-648.

31. Mathes SJ, Nahai F.  Reconstructive surgery: Principles, Anatomy, and Technique.  1997. New York, 
Churchill Livingstone. 

32. Pickerel KL, Baker HM, Collins JP. Reconstructive surgery of the chest wall. Surg Gynecol Obstet.
1947;84:465.

33. Ariyan S. The pectoralis major myocutaneous flap. A versatile flap for reconstruction in the head and 
neck. Plast Reconstr Surg. 1979;63:73-81.

34. Chepeha DB, Annich G, Pynnonen MA et al. Pectoralis major myocutaneous flap vs revascularized 
free tissue transfer: complications, gastrostomy tube dependence, and hospitalization. Arch 
Otolaryngol Head Neck Surg. 2004;130:181-186.

35. Ord RA. The pectoralis major myocutaneous flap in oral and maxillofacial reconstruction: a 
retrospective analysis of 50 cases. J Oral Maxillofac Surg. 1996;54:1292-1295.

36. de Azevedo JF. Modified pectoralis major myocutaneous flap with partial preservation of the 
muscle: a study of 55 cases. Head Neck Surg. 1986;8:327-331.

37. Dijkstra PU, van Wilgen PC, Buijs RP et al. Incidence of shoulder pain after neck dissection: a clinical 
explorative study for risk factors. Head Neck. 2001;23:947-953.

38. Nowak P, Parzuchowski J, Jacobs JR. Effects of combined modality therapy of head and neck 
carcinoma on shoulder and head mobility. J Surg Oncol. 1989;41:143-147.

39. Morain WD, Colen LB, Hutchings JC. The segmental pectoralis major muscle flap: a function-
preserving procedure. Plast Reconstr Surg. 1985;75:825-830.

40. Nahai F, Morales L, Jr., Bone DK et al. Pectoralis major muscle turnover flaps for closure of the infected 
sternotomy wound with preservation of form and function. Plast Reconstr Surg. 1982;70:471-474.

41. Palmer JH, Batchelor AG. The functional pectoralis major musculocutaneous island flap in head and 
neck reconstruction. Plast Reconstr Surg. 1990;85:363-367.

42. Tobin GR. Pectoralis major segmental anatomy and segmentally split pectoralis major flaps. Plast 
Reconstr Surg. 1985;75:814-824.

43. Tobin GR. Segmentally split pectoral girdle muscle flaps for chest-wall and intrathoracic 
reconstruction. Clin Plast Surg. 1990;17:683-696.

44. Chaffai MA, Mansat M. Anatomic basis for the construction of a musculotendinous flap derived from 
the pectoralis major muscle. Surg Radiol Anat. 1988;10:273-282.

45. Milroy BC, Korula P. Vascularized innervated transfer of the clavicular head of the pectoralis major 
muscle in established facial paralysis. Ann Plast Surg. 1988;20:75-81.

46. Reid CD, Taylor GI, Waterhouse N. The clavicular head of pectoralis major musculocutaneous free 
flap. Br J Plast Surg. 1986;39:57-65.



Eveline M.L. Corten
Pascal P.A. Schellekens
Ronald L.A.W. Bleys
Moshe Kon

Plast Reconstr Surg 2003; 112(4): 969-975

Presented at the Spring Meeting of the Dutch Society of Plastic Surgery, 
April 18, 2002, and at the 13th Annual Meeting of the European 
Association of Plastic Surgeons, June 1, 2002



The nerve supply to the clavicular 
part of the pectoralis major muscle: 

an anatomical study and clinical 
application of the function-preserving 

pectoralis major island flap

Chapter 2

creo




Chapter 2

20

Abstract

Background

The purpose of this study was to investigate the nerve supply to the 
clavicular part of the pectoralis major muscle so that the innervation to this 
part can be maintained in the muscle-preserving pectoralis major island 
flap transfer. Although methods have been described that include a limited 
portion of the muscle while leaving the upper parts undisturbed with an 
intact motor innervation, reports on anatomical studies of this nerve supply 
are brief. The distal distribution of the nerves, the spatial relationship to 
the main vascular pedicle and the ways to preserve them during surgical 
procedures remain unclear.

Materials and methods

Surgically relevant features of the clavicular part of the pectoralis major 
muscle were studied by dissection. The nerve supply to this part was 
examined on 11 sides of 8 formalin-fixed cadavers. Two fresh cadavers were 
used for dissection, intra-arterial polymer injection and application of a 
nerve preserving surgical technique.

Results

In all subjects a separate nerve innervated the clavicular and upper medial 
sternocostal portions of the pectoralis major muscle. This nerve arises 
craniomedial to the main vascular pedicle of the flap and divides into several 
branches. These run in a fascia on the deep surface of the pectoralis major 
muscle, superficial to the origin and distal course of the vascular pedicle. 
Most branches to the clavicular part end medial to the coracoid process. 
The course of the branches to the upper sternocostal part is more medial.

Conclusions 

Based on our anatomical findings we propose a surgical technique for 
transfer of the pectoralis major island flap to the head and neck area 
through a tunnel in the deltopectoral groove, lateral to the origin of the 
vascular pedicle. Head and neck reconstruction was performed using this 
technique. The presented method is a muscle-preserving procedure that 
maintains maximal donor-site function and morphology. 



The nerve supply to the clavicular part of the pectoralis major muscle

21

Introduction

The pectoralis major musculocutaneous flap was first developed for head 
and neck reconstruction by Ariyan in 1979.1,2  Because of the advances in 
microsurgery, reconstruction is more often performed using a free flap. 
However, the pectoralis major flap is still very useful when microsurgical 
techniques cannot be performed or when surgery time needs to be 
minimized. The pectoralis major flap has been modified intensively over the 
years. To reduce the secondary cosmetic and functional defect created at 
the donor site, techniques have been described that include using a limited 
portion of the muscle, while leaving part of the muscle undisturbed3-8 with
an intact motor innervation.3-10 The first description of a pectoralis major 
musculocutaneous flap based on a muscle-free pedicle was by Ariyan.2

This method increased the pedicle length, improved the arc of rotation, 
reduced the pedicle bulge as the flap passes over the clavicle, and avoided 
stretching of the vessels. Wei et al.9 suggested leaving the clavicular part 
intact to avoid the infraclavicular hollow. Palmer and Batchelor7 left the 
upper sternocostal part of the pectoralis major muscle intact in addition to 
the clavicular part. Moreover, the innervation to these parts was preserved 
to leave a sizable functioning part of the pectoralis major muscle. They 
created a large “buttonhole” between the muscle fibers adjacent to the 
clavicle and the overlying clavipectoral fascia to allow passage of the flap.
The anatomy of the pectoralis major muscle has been well docu-
mented,4,9,11,12  but anatomical studies of its nerve supply,4,5,13-20 especially 
to the clavicular part,13,20,21 have been brief. Other articles6,9,11,22-24 and
textbooks25-32 also provide a brief description of the pectoral nerves. It has 
been stated that the segmental anatomy should allow preservation of the 
nerve supply at the donor site after a pectoralis major island flap has been 
transposed.4,7  However, the distal distribution of the nerves, the spatial 
relationship to the main vascular pedicle and the ways to preserve them 
during a pectoralis major island flap transfer remain unclear. Therefore, we 
investigated the nerve supply to the clavicular part of the pectoralis major 
muscle in the context of a pectoralis major island flap. On the basis of our 
cadaver dissection findings we propose a surgical technique for passing the 
flap up into the head and neck area using the deltopectoral groove as a 
natural cleavage plane. The pectoralis major island flap is transferred deep 
to the clavicular and upper medial sternocostal parts of the pectoralis major 
muscle with preservation of these muscle fibers and their nerve supply. 
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Before clinical application, this technique was performed on a fresh cadaver. 
The method turned out to be feasible and is now routinely performed in 
clinical head and neck reconstructions.

Materials and Methods

The nerve supply to the clavicular and upper medial sternocostal part of 
the pectoralis major muscle was investigated in 8 formalin-fixed cadavers. 
Of the 8 cadavers, 3 underwent bilateral dissections. Moreover, one fresh 
cadaver was examined by direct dissection and one after injection of the 
axillary artery with the polymer Araldite (Ciba-Geigy, Basel, Switzerland).  In 
addition a surgical technique for passing the flap up into the head and neck 
area was performed on a fresh cadaver. 
The entire surface of the pectoralis major muscle was exposed after the 
skin and subcutaneous tissue were removed. The humeral insertion of the 
pectoralis major muscle was transected. The superior border of the muscle 
was subsequently separated from the anterior part of the deltoid muscle by 
dissecting the deltopectoral interval. Only the origin of the clavicular part 
was left intact. The interval between the clavicular and sternocostal parts 
was divided. The dorsal surface of the muscle was freed from the subjacent 
planes to expose the emergence of the thoracoacromial artery at the 
upper border of the pectoralis minor muscle. The pectoralis minor muscle 
was left attached to its insertion to the coracoid process. The clavicle was 
not resected. The nerve branches to the clavicular and upper sternocostal 
parts were dissected and followed toward their locations of entrance in the 
muscle. All dissections were performed under loupe magnification. The 
nerves were explored and their origin, distal course and spatial relationship 
with the pectoral branch of the thoracoacromial artery were noted. In 
addition the locations of the entrance of the nerve branches in the muscle 
were recorded.

Results

Cadaver dissections

The same type of innervation was found in all subjects. A separate nerve 
innervated the clavicular and upper medial sternocostal parts. This nerve 
arose cranial to and behind the clavicle, appearing under the subclavius 
muscle at the innermost part of the deltopectoral triangle. In all dissections 
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the nerve arose cranial and medial to the origin of the pectoral branch of 
the thoracoacromial artery. In its inferolateral course the nerve ran either 
superficial or deep to the cephalic vein. Next, it divided into several branches 
going to the clavicular and upper medial sternocostal parts of the pectoralis 
major muscle. These branches ran in a fascia on the deep surface of the 
muscle, superficial to the origin and distal course of the pectoral branch of 
the thoracoacromial artery (Figure 1). Most branches to the clavicular part 
entered the muscle medial to the coracoid process and lateral to origin of 
the muscle on the clavicle (Figure 2). Most branches to the upper medial 
sternocostal part coursed more medially. Using the lower border of the 
clavicular part as a surface marking the nerves ended medially from the 
distal course of the pectoral branch of the thoracoacromial artery. A second 
nerve innervating the lateral and medial lower sternocostal parts of the 
pectoralis major muscle appeared under the subclavius muscle close to 
the nerve to the clavicular and upper medial sternocostal parts. In its distal 
course the branches extending from this nerve ran close to the pectoral 
branch of the thoracoacromial artery. 

Figure 1. Caudal view of the 
clavicular part of the pectoralis 
major muscle, innervation in human 
cadavers: (above) cadaver dissection; 
(below) line drawing presentation. 
A separate nerve innervates 
the clavicular and upper medial 
sternocostal parts of the pectoralis 
major muscle. Note that it arises 
craniomedial to the vascular pedicle 
of the flap and divides into several 
branches that run in a fascia on the 
dorsal surface of the muscle. These 
branches are located superficial to 
the origin and distal course of the 
vascular pedicle. CPPM, clavicular 
part pectoralis major muscle; SPPM,
sternocostal part pectoralis major 
muscle; DM, deltoid muscle; N,
nerve to clavicular and upper medial 
sternocostal parts; VP, vascular 
pedicle.
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Clinical application

On the basis of our anatomical findings, which showed that most nerve 
branches are located medial and superficial to the vascular pedicle, we 
proposed to transfer the pectoralis major island flap through the deltopectoral 
groove. Based on a muscle-free pedicle the flap was transposed lateral from 
the origin of the vascular pedicle. Before clinical application, we performed 
the technique on a fresh cadaver.

Figure 2. Location of the entrance 
of the nerve branches into the 
clavicular (solid dots) and upper 
medial sternocostal (open dots) parts 
of the pectoralis major muscle along 
its dorsal surface. The delta indicates 
variations as found in several 
specimens. The asterix indicates the 
location where the nerve appears 
beneath the clavicle. The course of 
the vascular pedicle on the dorsal 
surface of the pectoralis major 
muscle is also shown. Because the 
clavicular and sternocostal parts 
overlap, the branches to the upper 
medial sternocostal part may appear 
to end in the clavicular part. cp,
coracoid process.

Figure 3. Surgical technique performed on a fresh 
cadaver. A musculocutaneous island is harvested, 
isolated on the vascular pedicle with an intact 
clavicular part. CPPM, clavicular part pectoralis major 
muscle.

creo
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Figure 4. Surgical technique 
performed on a fresh cadaver. 
Transposition through the delto-
pectoral groove, lateral from the 
origin of the vascular pedicle. Note 
that dissection is performed flush 
on the vascular pedicle in order to 
preserve the superficially located 
nerve branches. CPPM, clavicular 
part pectoralis major muscle; VP,
vascular pedicle; DP, deltopectoral 
groove.

Figure 5. Surgical technique 
performed on a fresh cadaver. 
View of the deltopectoral groove 
after flap transfer to the head and 
neck region. The vascular pedicle 
is clearly visible. CPPM, clavicular 
part pectoralis major muscle; VP,
vascular pedicle; CV, cephalic vein.

A musculocutaneous island is harvested and isolated on the vascular pedicle 
with an intact clavicular part (Figure 3). Dissection is performed flush on the 
vascular pedicle in order to preserve the superficially located nerve branches. 
The flap is then transposed upward through the deltopectoral groove by 
creating a plane of dissection lateral from the origin of the main vascular 
pedicle and proceeding up beneath an intact upper part of the pectoralis 
major muscle (Figure 4). The muscle fibers from the clavicular part of the 
pectoralis major muscle and deltoid muscle are separated. A hole is created 
by incising the fascia running superior to the upper border of the clavicular 
part of the pectoralis muscle. This allows transfer of the island flap up into the 
neck deep to an intact clavicular and upper medial sternocostal part.

creo
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Further surgical dissection remains close to the upper border of the clavicular 
part. To improve the arc of rotation the fascia is further incised proximally 
along the upper border of the clavicular part. The flap is transferred to the 
head and neck region along a supraclavicular route (Figure 5).
Using this technique, the nerve supply to the clavicular and upper medial 
sternocostal parts should be preserved. To assess whether the innervation 
had been preserved, the humeral insertion was then transected and the 
flap was turned back down. The nerve branches were further dissected, and 
the branches to the clavicular and upper medial sternocostal parts were 
indeed preserved (Figure 6). Therefore this new technique was performed in 
patients with head and neck malignancies over a 1-year period, mainly for 
reconstruction of partial or total hypopharyngeal defects. All these patients 
showed a functional clavicular part of the pectoralis major muscle (Figure 7).

Figure 6. Caudal view of the 
clavicular and upper medial 
sternocostal parts of the pectoralis 
major muscle, preserved nerve 
branches to these parts after 
performance of the surgical 
technique on a fresh cadaver. The 
humeral insertion of the pectoralis 
major muscle has been transected. 
(Above) Fresh cadaver dissection. 
(Below) Line drawing presentation. 
CPPM, clavicular part pectoralis 
major muscle; N, nerve to clavicular 
and upper medial sternocostal 
parts; VP, vascular pedicle; DM,
deltoid muscle; PM, pectoralis minor 
muscle.
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Discussion

Few anatomical studies of the nerve supply to the clavicular part of the 
pectoralis major muscle have been reported in the literature.13,20,21  In 
general, the pectoral nerves are described only briefly.4-9,11-31,33 However, to 
preserve the nerve supply to the clavicular and upper sternocostal parts 
of the pectoralis major muscle in a pectoralis major island flap transfer, 
detailed knowledge is necessary.
The pectoralis major muscle consists of a clavicular, a sternocostal and 
an abdominal segment.4,16,25  The sternocostal and clavicular parts of the 
pectoralis major muscle are described as two independently functioning 
parts each with its own neurovascular supply.4,8,9,11,13,19-21 The main vascular 
pedicle of the pectoralis major muscle is the pectoral branch of the 
thoracoacromial artery10, which proximally does not run within the muscle 
but on the dorsal surface in a fatty areolar sling7. This allows selective 
transposition of the sternocostal part of the pectoralis major muscle as a 
true island flap with preservation of the upper pectoralis major muscle.4,5,7,9

The exact number and origin13,14,16,18 of the pectoral nerves remain 
controversial. The pectoralis major muscle is often described having two 
motor nerves: the lateral and medial pectoral nerves, arising from the 

Figure 7. Postoperative view showing a left 
functional clavicular part of the pectoralis major 
muscle after island flap transposition for intraoral 
reconstruction. 
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lateral and medial cords of the brachial plexus.25 Some authors describe 
three separate pectoral nerves.13,14,16 Furthermore it is stated that the lateral 
pectoral nerve supplies the clavicular and upper sternocostal parts of the 
pectoralis major muscle.5,17,18,21,26,27,31

On the basis of our anatomical and clinical findings, we propose that the 
pectoralis major island flap transfer should be based on a muscle-free 
pedicle, through the deltopectoral groove. Our anatomical dissections 
revealed that the nerve to the clavicular and upper medial sternocosal parts 
arises craniomedial to the origin of main vascular pedicle of the pectoralis 
major flap. Therefore, the lateral route through the deltopectoral groove 
is safe. The distal branches extending from the nerve run in a fascia on the 
deep surface of the pectoralis major muscle, superficial to the origin and 
distal course of the pedicle. If dissection is performed flush on the vascular 
pedicle these superficially located nerve branches should be preserved in 
the fascia. Most distal nerve branches enter the pectoralis major muscle in 
an area around and medial to the vascular pedicle. Therefore, the lateral 
route provides maximal preservation of these nerve branches. To conclude, 
most branches to the upper sternocostal part run medial to the vascular 
pedicle and can be preserved theoretically. 
Clinical examination of our patients showed a functional clavicular 
pectoralis major muscle. This part may also consist of functioning upper 
medial sternocostal muscle fibers. However, it was not possible to test these 
two parts selectively. The clavicular part of the pectoralis major muscle 
becomes active in the movement of anteflexion and adduction across the 
midline. Though an improvement of the entire shoulder function should 
be expected, this was not tested in our study. However, any reduction in 
pectoralis major function when the trapezius muscle has already been 
denervated in radical neck dissection can produce considerable functional 
disability of the shoulder.7 Therefore it is desirable to minimize any further 
loss of shoulder muscle.
In contrast with Palmer and Batchelor’s technique, no “buttonhole” is 
fashioned between the muscle fibers, but a natural cleavage plane is used 
for transposition. This large buttonhole can easily lead to damaging the 
nerve and distal branches to the clavicular and upper medial sternocostal 
parts.
A point of attention during the surgical procedure is the dissection of the 
vessels from the undersurface of the muscle to its intramuscular course. After 



The nerve supply to the clavicular part of the pectoralis major muscle

29

visualization of the vessels we palpate the entrance in the muscle using the 
fingertips. Next, we start splitting the fibers in their natural course, slightly 
above the fingertip position. As the fatty tissue is reached the vessels are 
identified and the remainder of dissection is performed by staying flush on 
the pedicle based on direct visualization. No nerve branches are dissected 
out, but care is taken to stay beneath the fascia. This is not a time consuming 
or risky procedure. On the contrary, leaving a strip of muscle over the pedicle 
would demand frequent checking of the location of the vessels. In addition, 
not transecting the upper fibers minimizes considerable bleeding from this 
bulky muscle.
Some pitfalls may be encountered during the operation. Dissection of the 
deltopectoral groove should not proceed too medially, because there may 
be a risk of damaging the medially located nerve branches. Furthermore, the 
muscle fibers of the clavicular part of the pectoralis major muscle and the 
deltoid muscle cannot always be separated easily, depending on the body 
habitus of the patient. There may be a minimal loss of arc of rotation when 
the pivot point is located medial to the outermost origin of the muscle fibers 
on the clavicle, but this was never considered to be a problem. Because the 
cephalic vein and deltoid branches of the thoracoacromial artery run in the 
deltopectoral groove31 care must be taken not to damage these vessels. 
By using this proposed technique for transfer of the pectoralis major island 
flap through the deltopectoral groove, the clavicular and upper medial 
sternocostal parts of the pectoralis major muscle and their nerve supply can 
be preserved. The presented method provides maximal donor-site function 
and morphology and permits safe and easy passage of the pectoralis major 
island flap while giving it a large arc of rotation.
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Abstract

Background

Muscle-sparing transplantation of the sternocostal part of the pectoralis 
major muscle while preserving the clavicular part of the muscle may reduce 
donor-site morbidity, particularly in cases where dissection of the lymph 
nodes of the neck has been performed. The nerve supply and motor function 
of the clavicular part is alleged to be preserved when the sternocostal part 
is transposed through the deltopectoral groove. This study aims to objectify 
such preservation.

Materials and methods

Muscle activity of the remaining clavicular and abdominal muscle parts was 
determined electromyographically, dynamometrically, and goniometrically 
on 17 sides in 16 patients after head and neck reconstruction. Subjective 
assessment was obtained by use of a structured questionnaire.

Results

The electromyogram proved preservation of innervation of 16 of 17 
clavicular parts. The electromyogram of the abdominal part showed no 
signs of denervation on 10 sides and normal, full interference patterns at 
maximum voluntary effort in all patients.
Selective functional testing of the clavicular part revealed decreased force in 
horizontal adduction in 11 out of 15 patients. Still, the isolated effect of the 
pectoralis major transposition on shoulder function could not be objectified 
statistically. Subjective evaluation yielded that shoulder disability was more 
likely to have been correlated with loss of trapezius muscle function.

Conclusions

We conclude that the innervation of the clavicular part, indeed, is preserved 
by transposition of the sternocostal part through the deltopectoral groove. 
This supports the validity, effectiveness, and functional acceptability of our 
muscle-sparing technique of partial pectoralis major transplantation.
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Introduction

The pectoralis major is a flat, fan-shaped muscle on the superficial anterior 
chest wall.1 It is a segmental muscle with three subunits: the clavicular, 
the sternocostal and the less distinct lateral, external or abdominal part.2,3

The primary functions of the muscle are adduction and medial rotation of 
the arm.1,4,5 During abduction of the arm, no part of the pectoralis major 
muscle is active.6 All parts combine their actions during pushing, shovelling 
or throwing.2

The muscle is frequently used as a pedicled flap for head and neck 
reconstruction. This flap is generally regarded as safe and reliable,7-11

with relatively little donor-site morbidity.7,10,12 Sequelae of the muscle’s 
transplantation are alleged to be few,13 but mobilization of the entire muscle 
may cause functional impairment of the arm13 and necessarily creates a 
donor-site deformity.1,13 An additional deformity associated with the use of 
the entire muscle is the bulky pedicle crossing over the clavicle.1 To minimize 
these problems, various authors have described flap modifications that 
use only part of the muscle while leaving the remaining part undisturbed, 
with its motor innervation intact.3,13-17 This may be particularly important in 
cases where trapezius motor function is simultaneously lost as the result of 
sacrifice of the accessory nerve during neck lymph node dissection. In these 
cases, sparing the clavicular part may prevent additional motor deficit of 
the upper arm.13,18,19

For these reasons, we routinely use a technique of preservation of the 
clavicular and abdominal parts of the pectoralis major muscle in our patients 
with head and neck malignancies, since September 2001.14 The clavicular 
part can function independently from the sternocostal and abdominal 
parts as it has a separate neurovascular supply.2 It horizontally adducts 
the humerus toward the opposite shoulder4 and it is active in forward 
flexion of the arm to the horizontal.4-6 Reaching its maximum activity at 
115 degrees of flexion the clavicular part even exerts its maximum activity, 
whereas the sternocostal part remains inactive.6 The clavicular part is 
active during almost the entire traject of medial rotation of the humerus 
while the sternocostal part remains relaxed, except when the humerus is 
simultaneously adducted.6 Partial or complete loss of the clavicular part 
decreases the ability to draw the arm in horizontal adduction across the 
chest, making it difficult to touch the opposite shoulder with the hand.4 By 
sparing the function of the clavicular part, we seek to prevent the decrease 
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of strength of shoulder flexion and medial rotation,4 while the abdominal 
part is spared to prevent unsightly loss of the anterior definition of the 
axilla.
Furthermore, we transpose the intermediate sternocostal part of the muscle 
through the deltopectoral groove deep to this clavicular part and superficial 
to the clavicula, rather than subclavicular. Based on our anatomic dissections 
we expected the clavicular part to remain normally innervated after such 
transposition of the sternocostal part.14 Still, the nerve branches to the 
clavicular part are located on the deep surface of that part and, hypothetically, 
they may be damaged. To date, this hypothesis has not been tested, and 
the possible advantage of partial muscle sparing, not objectified. Therefore, 
the main purpose of this study was to objectify the preservation of the 
innervation of the clavicular part after pedicled segmental pectoralis major 
muscle transplantation through the deltopectoral groove. Additionally, we 
evaluated the innervation of the lateral, abdominal part that was left in situ 
in all cases, as well as of the transplanted sternocostal part in cases where 
its pedicle could be recognized at the receptor site.

Materials and Methods

Patients

Sixteen of the first 26 head and neck oncological patients who underwent 
segmental pectoralis major transplantation since September 2001 could 
be included for this study. Five patients died since the procedure, and 3 
patients were unable to take part in this study as a result of current disease. 
One patient refused to undergo electromyography, and for 1 additional 
patient, there was a language barrier. Hence, 5 female and 11 male patients 
with a mean age of 62 years (range, 50–75 years) were studied, a mean of 
16 months after muscle transfer (range, 7–32 months). All patients gave 
informed consent to take part in this study and no financial compensation 
was offered to participate. Because 1 patient underwent bilateral muscle flap 
transfer, a total of 17 flaps were used. Of these, 14 flaps were transplanted 
to reconstruct the head and neck area immediately following ablative 
surgery, whereas the remaining 3 flaps were used to secondarily close 
pharyngocutaneous fistulae. 
Nine unilateral and 4 bilateral neck lymph node dissections had been 
performed in 13 of these 16 patients. These included 9 radical neck 
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dissections, 3 modified neck dissections, 4 selective neck dissections and 1 
selective neck dissection, with sacrifice of the accessory nerve. For radical 
neck dissection, the lymph nodes are resected, along with the accessory 
nerve, the internal jugular vein, and the sternocleidomastoid muscle.20

During modified radical neck dissection 1 or more of these 3 nonlymphatic 
structures are preserved, whereas all are preserved during selective neck 
dissections.20 Twelve neck dissections had been performed on the ipsilateral 
side of pectoralis major muscle harvest and 5 on the contralateral side. In 9 
patients, there was clinical loss of trapezius function ipsilateral to the donor 
site of the pectoralis major flap.

Surgical technique of pectoralis major muscle transplantation

Only the sternocostal part was used as a pedicled segmental pectoralis 
major muscle or musculocutaneous island flap to be transposed upwards 
beneath the intact clavicular part of the muscle. This flap was harvested 
and transplanted in accordance with our previously reported technique.14

Dissection was performed flush on the thoracoacromial vascular pedicle 
to preserve the nerve branches to the clavicular part of the muscle. A 
tunnel was dissected laterally to the origin of the thoracoacromial vascular 
pedicle and in between the clavicular part and the clavicula by separation 
of the muscle fibers of the clavicular part and the deltoid muscle. The flap 
was then rotated on its neurovascular pedicle and transposed upward 
through the deltopectoral groove but deep to the intact clavicular part. 
The fascia running superior to the cranial border of the clavicular part was 
subsequently incised to allow for transfer of the island flap up into the neck 
and to improve the arc of rotation of the flap’s pedicle.

Postoperative assessment

Electrophysiological studies

In all patients, concentric needle electromyography (CN-EMG) was 
performed using standard techniques21 and by 1 clinical neurophysiologist 
(P.L.O.) to prevent bias. The remaining clavicular and lateral, abdominal 
parts of the pectoralis major muscle were studied for fibrillation potentials, 
positive sharp waves (abnormal spontaneous potentials at rest), and motor 
unit action potential (MUAP) configuration and recruitment pattern. For 
each muscle, the transversal plane was sampled by insertion made in 
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3 directions and activity was sampled for each direction at minimally 3 
sites. In assessing the degree of peripheral nerve injury, the presence of 
abnormal spontaneous potentials at rest (none, sporadic, moderate, or 
abundant), and polyphasic and giant MUAPs (none, slightly, or present) 
were noted. Abnormal spontaneous potentials at rest were accepted 
as indicative of denervation. Polyphasic and giant MUAPs (>7 mV) were 
accepted as indicative of reinnervation of muscle fibers. Additionally, the 
pattern of maximal voluntary effort (normal, reduced, or no activity) was 
measured of the clavicular and abdominal parts. Moreover, the pedicle of 
the transposed sternocostal part of the muscle was palpable at the receptor 
site in 10 patients, allowing for electromyographical investigation of that 
part in these patients.

Physical examination

To selectively objectify the strength of the remaining clavicular part, bilateral 
dynamometric and goniometric measurements of horizontal adduction 
and anteflexion were performed.4  Again, all patients were evaluated by a 
single physical therapist (A.K.) to prevent inter-rater bias.

Subjective assessment

Subjective outcome was obtained using a structured questionnaire that 
regarded the current use of the shoulder and arm. The questionnaire 
addressed dominant handedness, limitations in activities of daily living, 
weakness, and pain at the pectoralis major donor site as compared to the 
preoperative situation.

Results

Electrophysiological studies

Electromyography of the clavicular part of 16 of the 17 segmentally 
transplanted pectoralis major muscles revealed no spontaneous potentials 
at rest that are indicative of denervation (Table 1). The one remaining 
muscle showed abundant denervation of its clavicular part lateral, but no 
abnormalities medial to the incision. Other electromyographical features 
were normal in all patients, although in 2 patients polyphasic MUAPs were 
observed. Normal, full interference patterns of the clavicular part were seen 
on voluntary maximal contraction in all patients.
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The abdominal part was present at all donor sites (Table 2). Sporadic 
to abundant abnormal spontaneous potentials at rest indicative of 
denervation of this part were demonstrated in 6 patients. There were no 
signs of denervation on 10 sides. Polyphasic and giant MUAPs (slightly to 
present) were observed in 8 patients. Normal, full interference patterns at 
maximum voluntary effort were demonstrated in all patients. 
At 10 receptor sites where the flap’s pedicle was palpable in the neck, no 
abnormal spontaneous potentials at rest were demonstrated in 7 flaps, and 
full interference patterns at maximum voluntary effort were observed in all 
10 flaps (Table 3).

Table 1. Electromyographic observations at the clavicular part after transplantation of 17 segmental 
flaps in 16 patients

Abnormal spontaneous potentials 
at rest indicative of denervation 

Polyphasic and giant motor 
unit action potentials 

indicative of reinnervation

Interference patterns 
indicative of maximal 
voluntary contraction

0 + ++ +++ none slightly present normal reduced none

16 0 0 1* 15 1 1 17 0 0

* abundant at a location lateral to incision, no abnormalities medial to incision.
0, none; +, sporadic; ++, moderate; +++, abundant; normal, interference pattern or well mixed; reduced, 
reduced interference pattern (poor or singular); none, no motor unit activity.

Table 2. Electromyographic observations at the abdominal part after transplantation of 17 segmental 
flaps in 16 patients

Abnormal spontaneous potentials 
at rest indicative of denervation

Polyphasic and giant motor 
unit action potentials 

indicative of reinnervation

Interference patterns 
indicative of maximal 
voluntary contraction

0 + ++ +++ none slightly present normal reduced none

10 3 3 1 8 2 7 17 0 0

0, none; +, sporadic; ++, moderate; +++, abundant; normal, interference pattern or well mixed; reduced, 
reduced interference pattern (poor or singular); none, no motor unit activity.

Table 3. Electromyographic observations at the pedicle of 10 segmentally transplanted flaps in 10 
patients

Abnormal spontaneous potentials 
at rest indicative of denervation

Polyphasic and giant motor 
unit action potentials 

indicative of reinnervation

Interference patterns 
indicative of maximal 
voluntary contraction

0 + ++ +++ none slightly present normal reduced none

7 2 1 0 6 1 3 10 0 0

0, none; +, sporadic; ++, moderate; +++, abundant; normal, interference pattern or well mixed; reduced, 
reduced interference pattern (poor or singular); none, no motor unit activity.
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Physical examination 

None of the patients had an infraclavicular depression in rest or during 
contraction, and the anterior axillary fold was preserved in all patients. 
Selective testing of the alleged specific function of the clavicular part 
revealed a decrease of force during horizontal adduction and anteflexion 
(Table 4).

Table 4. Results of dynamometric testing of horizontal adduction and anteflexion. Comparison is 
made between the strength on the operated side and that at the nonoperated side in 15 of our 16 
patients  (the one patient underwent bilateral transplantation of the pectoralis major muscle). Because 
anteflexion tests were, furthermore, not performed in the first five patients, the results are provided for 
11 flap transplantations in 11 patients. 

No. of patients
with less strength 

(difference in Newton)

No. of patients 
with same strength as at 

nonoperated side

No. of patients 
with more strength 

(difference in Newton)

Horizontal adduction 11 (7 – 65 N) 1 3 (5 – 24 N)

Anteflexion 10 (8 – 63 N) 1 0

Subjective assessment 

Loss of shoulder function was reported by all patients who additionally lost 
the function of the ipsilateral trapezius muscle. Six out of 8 patients with 
isolated loss of the sternocostal part of the pectoralis major mentioned no 
functional loss. Six patients reported disability as a result of contraction of 
the flap’s pedicle over the clavicle (Table 5).

Discussion

It has generally been accepted that the pectoralis major muscle is expendable 
as a donor muscle for flap transfer and that postoperative restrictions are 
minimal and self-limited,10,11,22 but many studies on this flap do not regard 
possible functional loss as a result of its transfer. Of those studies that do, 
most focus on the receptor site,7,9-12,22-26 and functional sequelae are not the 
main focus or only briefly described in cases where donor-site complications 
are studied.7,8,10,12,22-25 Some authors reported a minority of their patients to 
complain of difficulties with the arm movement10 or of minimal functional 
loss, particularly in cases where the clavicular part was preserved.7 However, 
others stated that the muscle is not entirely dispensable and that some 
functional disability may result from its transplantation.1
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No.

Pain at the donor site

    No pain at rest 14

    Pain at rest 2

    No pain during movement 8

    Pain during movement 8

String

    Visible string at rest 4

    String palpable on contraction 10

    Disability as a result of the string 6

Overall health since operation

    Excellent 0

    Very well 2

    Good 9

    Moderate 2

    Moderate - bad 2

    Bad 1

Table 5. Subjective analysis: pain at the donor site, disorders resulting from the flap’s 
pedicle over the clavicle, and overall health since the transplantation of 17 segmental 
flaps in 16 patients

Lack of strength in movement against forward and downward resistance 
will result from functional loss of the pectoralis major muscle.13 Surrounding 
muscles compensate for movements where the humerus is forced upwards 
and laterally, but not for stabilization of the shoulder joint.6 Consequently, 
some authors recommended to additionally leave part of muscle to preserve 
function,3,13-17 but to date, there have been no studies that convincingly 
evaluated the functional disability or quantified objectively the morbidity 
of the pectoralis major donor site following segmental flap transfer. De 
Azevedo13 reported that adopting a subclavicular route and preserving the 
clavicular and upper sternocostal bundles of the muscle inferred no muscle 
atrophy in 38 out of 55 patients and that movement of the arm could be 
maintained and that normal motor units were noted in the 10 patients 
who were tested electromyographically. However, the description of the 
functional evaluation protocol he used remains vague. 
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Potential limitations of our observations

Before we can discuss our observations, some potential shortcomings of 
our study need to be addressed. We set out to objectify the preservation 
of the innervation of the clavicular part after pedicled segmental pectoralis 
major muscle transplantation by use of electromyography and physical 
assessment. Although we tested a whole battery of passive and active 
physical functions of the shoulder and pectoralis major muscle, the results 
of such objective assessment turned out to be of little value for statistical 
analysis. For example, preservation of the practical function of the clavicular 
part could not be tested selectively as none of the movements of shoulder 
and arm turned out to be specific for this part.4 Likewise, it was impossible 
to distinguish in a limited series of patients the possible (or probable) loss 
of shoulder function due to loss of function of the transplanted sternocostal 
part of the pectoralis major muscle from loss induced by other aspects of their 
surgery. As such, most findings could not be directly related to the pectoralis 
major muscle transfer as most patients had a concomitant neck dissection. 
Functional loss of the trapezius muscle associated with a radical neck lymph 
node dissection diminishes the ability to elevate the arm in abduction 
and flexion, with abduction being more affected than flexion.4 Shoulder 
disability is one of the most important morbidities of neck dissections.27,28

Although the main cause for this was alleged to be resection or damage 
to the accessory nerve and denervation of the trapezius muscle,27 in some 
cases this muscle will function normally.28,29 On the other hand, significant 
shoulder dysfunction may arise even after accessory nerve-sparing neck 
procedures.27,28,30 If these shoulder complaints are the result of neuropraxia, 
regeneration may occur until well after the first postoperative year.28 As 
most changes in muscle force or range of motion observed in our study 
were statistically insignificant, we based our conclusions on the results of 
CN-EMG rather than on those of the physical tests. Such electromyography 
reportedly is the most specific and reliable method to assess the intrinsic 
structure of the pectoralis major muscle.21

Implications of our observations

Preservation of a normally innervated clavicular part was objectively 
confirmed in all but 1 of our patients by electromyographic examination. 
This indicates that our adopting a lateral route for transposition and creating 
a tunnel in the deltopectoral groove preserved the nerve supply. The main 
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finding of the present study is that the recruitment pattern during maximal 
voluntary effort in all the muscles was not reduced. A prospective study 
aiming at objective assessment of the patients pre- and postoperatively 
may further clarify the partial prevention of functional loss resulting from 
the preservation of the clavicular part of the pectoralis major muscle.
Physical tests revealed a decrease of anteflexion or horizontal adduction 
in 13 of the 15 unilaterally operated patients. Still, neck dissection with 
associated loss of trapezius function was performed on the side of pectoralis 
major muscle harvest, or on the contralateral side used for comparison, in 10 
of these patients. Weakness of the trapezius muscle diminishes the ability 
to elevate the arm in abduction and anteflexion,4 and use of an ipsilateral 
pectoralis major flap after neck dissection has been mentioned to reduce 
shoulder elevation19 and forward flexion.18 Consequently, significant 
morbidity of the shoulder may result when the pectoralis on the side of 
the denervated trapezius is used after radical neck dissection.31 This was 
confirmed by the subjective observations of our study as 9 out of 11 patients 
who complained of moderate to severe functional loss, had concomitant 
loss of trapezius function on the pectoralis major donor side. As the 
clavicular part is mainly active during anteflexion, preservation of this part 
is likely to minimize the loss in flexion resulting from the loss of trapezius 
function. Most of our patients with an intact ipsilateral accessory nerve 
reported no or minimal loss of arm and shoulder function after segmental 
transplantation of the pectoralis major muscle. Hence, we advocate using 
the contralateral, rather than the ipsilateral, pectoralis major muscle in cases 
where the accessory nerve can not be spared during neck dissection.
Finally, a pulling sensation in the neck due to contraction of the flap’s pedicle 
may be a significant disadvantage of maintenance of the innervation of 
the transposed sternocostal part. Therefore, we stress the importance of 
severing the nerve branches that accompany the vascular pedicle of the 
flap during its harvest.

With this study we have objectively demonstrated that the innervation of 
the clavicular part of the pectoralis major muscle may be preserved during 
transposition of its sternocostal part as a pedicled segmental pectoralis 
major island flap through the deltopectoral groove. Evaluation of the 
functional sequelae was impeded because additional neck dissection 
seemed a more important cause of functional arm and shoulder disability in 
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head and neck cancer patients. Subjectively, isolated segmental pectoralis 
major muscle transplantation was associated with no or minimal functional 
loss. Thus, the validity, the effectiveness, and functional acceptability of our 
surgical technique were further confirmed.
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Abstract 

Background

The pectoralis major is reliable for reconstruction of large defects in the 
head and neck area. In 2001, we introduced a muscle-sparing technique 
with preservation of the clavicular part of the muscle. So far, we did not 
report on its reliability and clinical outcome at the receptor site.

Materials and methods 

Fifty-four pedicled segmental pectoralis major island flaps were used in 
53 patients, from 2001 through 2006. As outcome measures we studied 
the overall rate of complications, the rate of major complications, and 
the final outcome at the receptor sites. We differentiated for the types of 
complications and assessed operation indication (primary versus salvage 
procedure), site of reconstruction, previous radiotherapy, and completeness 
of tumor excision as possible risk factors for complications. We compared 
our findings to those of a meta-analysis of 16 other studies.

Results

Complications at the receptor site were observed after 21 of the 54 
operations (0.39). Eleven of these cases (0.52) required repeated surgery 
that was successful in 8 cases (0.72). Conservative treatment was successful 
in 8 cases (0.80). Final outcome was successful in 49 of the 54 operations 
(0.91). Previous radiotherapy was a significant risk factor for persisting 
complications. Salvage procedures were a significant risk factor for 
developing clinical fistulas and the risk of partial flap loss was significantly 
correlated with non-hypopharyngeal reconstructions. Our results were 
comparable to those found in the meta-analysis.

Conclusions 

Our muscle-sparing technique proved to be reliable with clinical results 
comparable to conventional techniques in addition to function preservation 
at the donor site.
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Introduction 

Since its introduction by Ariyan in 1979,1 the pectoralis major pedicled flap 
is frequently being applied for reconstructions in the head and neck area. It 
is generally regarded as a safe and reliable flap even though complication 
rates vary from 14% to 69%.2-17 These complications provoked refinements 
of techniques and, as such, we introduced the partial preservation of 
the pectoralis major muscle and the use of the deltopectoral groove for 
its transposition.18 For any innovation to be warranted, the associated 
morbidity and outcome ought to be favorable compared to conventional 
techniques. In a previous study we showed that our method has the 
advantage of preservation of the innervation of the clavicular part of the 
pectoralis major muscle at its donor site but,19 to date, we did not evaluate 
the clinical outcome or possible complications at the receptor site. 
The aim of the present study, therefore, was to review the clinical data of 54 
operations to evaluate the prevalence of clinical receptor site complications 
after pedicled segmental pectoralis major island flap transpositions for 
head and neck reconstruction and the final outcome after treatment of 
these complications. Moreover, we set out to identify potential risk factors 
for such complications.

Patients and Methods

Patients and flaps

From the introduction of our technique in 2001 through 2006, 59 segmental 
pectoralis major island flaps were used for head and neck reconstruction in 
42 men and 11 women with a mean age of 62 years (range 40–86 years). One 
patient underwent contralateral muscle transfer, 3.5 year after transposition 
of the first flap, and both flaps were included for analysis as there was no 
relation between the use of the second flap and the initial operation. Five of 
the 59 flaps, however, were contralateral flaps that were used secondary for 
total flap loss (n = 3) or fistulas (n = 2) directly following the transposition of 
the initial pectoralis major flap and these 5 were excluded from this analysis. 
Thus, the outcome of a total of 48 musculocutaneous and 6 muscle flaps 
could be assessed. Forty-two of these 54 flaps (0.78) were used immediately 
after tumor resection and 12 (0.22) for late salvage procedures (Table 1).
Twenty-seven of the 42 treated tumors were primary tumors, whereas 
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the other 15 were second primary tumors (n = 7) or recurrent or residual 
tumors (n = 8). Twenty-three patients (0.43) had previously undergone 
radiotherapy.

Table 1. Indications for the transposition of the 54 pectoralis major flaps

Primary reconstruction after tumor resection

        Oral cavity 4

        Oral cavity and oropharynx 4

        Oropharynx 3

        Oropharynx and hypopharynx 5

        Larynx/hypopharynx 21

        Other (auricular, parotid, neck, esophagus) 5

Salvage procedures (secondary reconstruction)

        Fistula closure 9

        Wound dehiscence 2

        Benign secondary stenosis 1

Total 54

Surgical technique of pectoralis major muscle transposition

To reduce the morbidity at the donor site only the sternocostal part was 
used as a pedicled segmental pectoralis major muscle or musculocutaneous 
island flap and transposed upwards.18 Dissection was performed flush on 
the thoracoacromial vascular pedicle to preserve the nerve branches to the 
clavicular part of the muscle.19 A tunnel was dissected laterally to the origin 
of the thoracoacromial vascular pedicle and in between this clavicular part 
and the clavicle by separation of the muscle fibers of the clavicular part and 
the deltoid muscle. The flap was then rotated on its neurovascular pedicle 
and transposed upward through the deltopectoral groove but deep to the 
intact clavicular part. The fascia running superior to the cranial border of 
the clavicular part was subsequently incised to allow for transfer of the 
island flap up into the neck and to improve the arc of rotation of the flap’s 
pedicle.18

Data gathering and statistical analysis of risk factors

The medical records of all patients were retrospectively reviewed for 
postoperative receptor site complications related to the head and neck 
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reconstruction occurring between the time of surgery and discharge from 
the hospital (median 20 days; standard deviation 22 days). We defined that 
the outcome was complicated in cases where flap loss, wound infection, 
wound dehiscence or clinical fistulas occurred. Flap loss was further 
categorized as total or partial. Complications that needed repeated surgery 
were defined as major and those that could be treated conservatively were 
defined as minor. This way, fistulas were also scored as minor or major. 
Radiographic leaks without clinical evidence of fistula were regarded as 
nonclinical fistulas and were not included for assessment. 
As primary outcome measure of surgical therapy we assessed our results at 
3 levels of impact of the complication: 1- the overall rate of minor and major 
complications; 2- the rate of major complications; and 3- the final outcome 
after management of complications. As secondary outcome measure of 
surgical therapy we assessed the type of complications at the receptor 
site: 1- flap loss; 2- wound infection; 3- wound dehiscence; and 4- clinical 
fistulas. 
To identify possible risk factors for complications, we statistically analyzed 
the influence of 4 characteristics on the prevalence of the previously 
mentioned primary and secondary outcome measures. The characteristics 
expected to influence the rate of complications were: 1- operation indication; 
2- site of reconstruction; 3- previous radiotherapy; and 4- completeness of 
tumor excision. 
Because the oral cavity and oropharynx have previously been reported as 
reconstruction sites with increased risk of complications,8 we distinguished 
between hypopharyngeal reconstructions (n = 37) and non-hypopharyngeal 
reconstructions of the oral cavity and oropharynx (n = 11). The remaining 6 
flaps were used for auricular, parotid, esophagus and neck defects.
For comparison of our results to those obtained by use of non-function- 
sparing conventional techniques, a Pubmed search from 1973 to 2008 was 
conducted to identify studies in which the outcome and complications after 
pectoralis major transposition for head and neck reconstruction in series of 
at least 50 patients was reported in a fashion equally detailed to ours.
Data analysis was performed using SPSS for Windows version 12.0 (SPSS, 
Chicago, United States). The chi-square test or Fisher’s exact test was used 
to determine the significance of the four risk factors associated with both 
the severity and type of complications at the receptor site. Statistical 
significance was defined as a two-tailed p-value ≤ 0.05. Descriptive statistics 
were used to summarize study results.



Chapter 4

54

Results

Flap-related complications

Thirty-three of the 54 flap transpositions (0.61) had an uneventful 
postoperative course, whereas a total of 21 receptor site complications 
developed after the remaining 21 procedures (Table 2). One patient also 
suffered a minor donor-site complication (wound dehiscence) and another 
a major donor-site complication (hematoma) but both these complications 
were combined with fistula formation at the receptor site. 
Eleven of the 21 complications required revision surgery, including 
contralateral pectoralis major flap transposition in 5 patients (Table 2).
Repeated surgery was successful in 8 of the 11 patients, whereas 2 patients 
came out with a fistula and the remaining patient had persisting wound 
healing disorders (Table 2).

Table 2. Flap-related receptor site complications and management of the complications after 54 
pectoralis major transpositions

No. of flaps Conservative treatment Repeated surgery

Successful Unsuccessful Successful Unsuccessful

Total flap loss 3 -- -- 1* 2*

Partial flap loss 2 -- -- 2 --

Wound infection 1 1 -- -- --

Wound dehiscence 4 3 -- 1* --

Clinical fistula 10 4 2 3* 1

Failed skin graft 1 -- -- 1 --

Total 21 8 2 8 3

*All 3 patients with total flap loss, one of the patients with a clinical fistula and one patient with wound 
dehiscence required contralateral pectoralis major flap transposition

The other 10 complications were treated conservatively, which was 
successful in 8 cases. A fistula persisted in the 2 remaining patients (Table 
2). Thus, a finally satisfactory clinical outcome after management of the 
complications could be obtained after 49 of the 54 transpositions (0.91). 
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Significance of potential risk factors on three levels of impact of 
receptor site complications 

No statistical significant correlation was found between the overall 
complication rate and any of the 4 analyzed risk factors, or between the 
development of major complications and these risk factors (Table 3). Still, 
prior radiotherapy proved to be a significant risk factor for the development 
of persisting complications as it led to 22% more persisting complications 
when compared to transpositions in non-irradiated patients (p = 0.011, 
2-sided Fisher’s Exact Test).

Significance of potential risk factors on the type of receptor site 
complications

No significant correlation between the potential risk factors and compli-
cations was found in the three patients who suffered total flap loss although 
all 3 patients were treated for a larynx tumor (two recurrences and one 
second primary tumor) and all had previously had radiotherapy (Table 4).
The risk of partial flap loss was significantly correlated with non-hypo-
pharyngeal reconstruction as this complication developed in 2 of the 11 
patients (0.18) and not in any of the 37 patients who were operated at the 
hypopharynx (0.00) (p = 0.049, 2-sided Fisher’s Exact Test).
The risk of a clinical fistula was correlated with a secondary reconstruction 
as 6 out of 12 patients who had had secondary reconstructions developed 
such fistulas versus 4 out of 42 after primary reconstruction (Table 4). This 
difference of 40% between the two groups is statistically significant. (p = 
0.005, 2-sided Fisher’s Exact Test).

Meta-analysis of 16 studies using conventional techniques

We traced 16 studies that were relevant for our meta-analysis (Table 5).2-17

The weighted mean of the prevalence of the overall rate of complications 
in a total of 2743 patients in these studies was 0.42 and compared to the 
prevalence in our series (0.39). The prevalence of major complications in 
these studies was 0.15, comparing to 0.20 in our study. To date, final success 
rates after treatment of complications has not been reported.
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Discussion

In 2001, we introduced a segmental harvesting technique transposing 
the pedicled pectoralis major flap through the deltopectoral groove 
because function preservation at the donor site has become an important 
consideration in choosing a reconstructive method.18,19 Though few 
studies describe a segmental harvesting technique,4,9,12 the deltopectoral 
groove has not been previously described for transfer. Most authors use 
the entire pectoralis major flap,3,6,7,10,20 or remain vague of their harvesting 
technique.2,5,8,11,13,21 Vartanian et al. presented a large series in which they 
mostly used a muscle-sparing technique in many of their patients.9 They 
concluded that pectoralis major transfer can be done with low risk and 
acceptable morbidity. Still, their harvesting technique and route of transfer 
was not uniform in all patients, salvage procedures were not included, and 
most tumors were located in the oral cavity. 
With the current study we wanted to assess whether, or not, the outcome of 
surgery at the receptor site was comparable or, even, more favorable to that 
of non-function sparing techniques. Before we discuss our observations, a 
limitation of our methodology needs to be addressed. As such, small series 
carry a risk of failing to demonstrate a treatment difference when one is 
really present (type II error). Although statistical power analysis showed that 
our sample size prohibits drawing conclusions from the calculations that did 
not prove a statistically significant difference, our number of patients was 
adequate for the outcomes that showed a statistically significant difference. 
The size of these differences was clinically relevant.

Complication rate and final outcome

Our overall complication rate of 21/54 (0.39) is well within the range when 
compared to the 14% to 69% overall complication rate mentioned in 
literature (Table 5).2-17 We included salvage procedures and all flap-related 
complications while others did not9-11 and salvage procedures in particular 
turned out to be a statistically significant risk factor for fistula formation. 
We defined complications that needed repeated surgery as major. Repeated 
surgery was performed after 11 of our initial 54 procedures (0.20). This is 
comparable to the rates of repeated surgery mentioned by several authors 
(Table 5).2,3,7,8,11,13,14
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Though the overall and major complication rate in our series is at the 
high end of what has been reported in the literature, we still prefer our 
muscle-sparing technique over conventional methods because it produces 
diminished donor-site morbidity.
After management of the complications, the final success rate was 0.91 in 
our study. Although this outcome measure has not been mentioned by 
other authors, we feel that this outcome measure is at least as important as 
overall complication rate.

Risk factors 

We evaluated the influence of 4 potential risk factors on various types 
of complications at the receptor site and found a statistically significant 
difference of 40% in prevalence of clinical fistulas between primary 
reconstructions and salvage procedures. Liu et al.6 also found a statistically 
significant association between complication rates and secondary salvage 
procedures.
Second, we observed oral cavity or oropharyngeal reconstruction to be 
significantly correlated with the risk of partial flap loss. Though some authors 
found an association between oral cavity reconstruction and complication 
rates,2,6,8,14 in the study performed by IJsselstein et al.,3 the location of the 
tumor had no effect on complication rates. 
Third, we found that the risk of persisting complications was significantly 
higher in the irradiated patients compared to the transpositions in non-
irradiated patients, as it led to a 22% increase of complications. The rate of 
persisting complications has not previously been reported by other authors. 
Some describe no statistical correlation between previous radiotherapy 
and overall complication rate,2,3,5,6,8,9,20 though Ossoff et al.16 found a higher 
incidence of wound dehiscence and fistula formation after radiotherapy. 
Our assessment showed that our muscle-sparing technique of pedicled 
pectoralis major transposition, just like conventional techniques, in general 
features less optimal results after salvage procedures, prior radiotherapy and 
oral cavity or oropharyngeal reconstruction. In these cases, reconstruction 
by use of free flaps may be preferable.11

Our function-preserving technique proved to be reliable with clinical results 
comparable to those obtained with conventional techniques. We feel that 
the complicaton rates and final outcome we observed justifies the use of 
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our technique over conventional techniques of pedicled pectoralis major 
transposition especially at the primary operation in non-irradiated patients 
with defects outside of the oral cavity or oro-pharynx.
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Abstract

Background

The pectoralis major muscle may be suited for free transplantation of a 
segment of the muscle. We investigated the length and diameter of its 
vascular pedicle to determine its feasibility.

Materials and methods 

The length of the pedicle, its arterial diameter, and its entry point into the 
muscle were determined in 17 cadaveric flaps.

Results 

The pedicle length up to the medial border of the pectoralis minor muscle 
averaged 6.6 cm. The mean external arterial diameter was 1.8 mm, and the 
venous diameter was consistently larger. The vascular pedicle consistently 
entered the muscle lateral to the midpoint of, and a mean of 8.8 cm caudal 
to the clavicular line.

Conclusions

The vascular length and diameter are sufficient for microvascular 
anastomosis. Although an anatomic landmark for the cranial border of 
the flap could not be defined, the sternocostal part of the pectoralis major 
muscle may potentially be used as a segmental free flap.
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Introduction

Although various muscles1-5 have found favor for use in microsurgical 
transfer, increasing the number of tools for reconstructive surgery remains a 
challenge. Ongoing developments provide alternatives for different clinical 
settings with respect to the configuration and location of the defect, the 
ease of harvest and microanastomosis, the position of the patient, and 
the donor-site morbidity. The pectoralis major muscle features several 
characteristics of a favorable muscle or musculocutaneous free flap. It is 
wide and flat and may provide a more favorable fit to the size and contour of 
a defect than other muscles do. Both the muscle and its vascular pedicle are 
easily accessible, and the flap can be harvested with the patient remaining 
in a supine position. When raised as a segmentally split flap in a so-called 
muscle-sparing fashion, the remaining cranial clavicular and the abdominal 
parts of the muscle maintain their function and this reduces the donor-site 
morbidity.6-11 Though this use of the sternocostal part as a free flap has been 
implied, this has not led to wide application for microvascular transfer.12,13

The pectoralis major muscle has a type V vascular pattern with the pectoral 
(or inferior) branch from the thoracoacromial trunk as its dominant pedicle. 
This pectoral branch descends medial to the tendon of the pectoralis 
minor and primarily vascularizes the central sternocostal segment of the 
muscle.13,14 Multiple secondary parasternal perforators from the internal 
mammary artery additionally vascularize the muscle’s central sternocostal 
segment, a thoracoacromial superior branch vascularizes its clavicular 
segment, and a branch of the lateral thoracic trunk its abdominal segment.9

The results of the plethora of anatomical studies on the vascular supply of 
the pedicled flap,9,13,15-22 however, can only partly be applied to the use of this 
sternocostal segment as a segmental free flap. Manktelow et al.13 performed 
an anatomical study to determine the potential of the pectoralis muscle as 
an innervated free flap and even implied using only the sternocostal part as 
such. Still, the description of their technique remained vague.
If the sternocostal part of the pectoralis major muscle is harvested for 
segmental free flap transfer, dissection of the cranial border of this flap 
depends on the point of entry of the dominant vascular pedicle into the 
muscle. In cases where the pedicle enters the muscle at a single point, this 
point marks the cranial border of the flap (Figure 1).
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Figure 1. Vascular pedicle entering the muscle 
at a single point (arrow). We accepted this point 
of entry as the cranial border of a segmental 
pectoralis major muscle flap (dotted line). VP, 
vascular pedicle; Pm, pectoralis minor muscle.

Figure 2. Vascular pedicle dividing into several 
branches before entering the muscle (arrows). In 
these cases, this branching point was accepted as 
the cranial border of the segmental muscle flap 
(dotted line). VP, vascular pedicle; Pm, pectoralis 
minor muscle.

Alternatively, the pedicle’s branching point marks the cranial border to 
ensure adequate perfusion of the flap in cases where this pedicle branches 
before entering the muscle (Figure 2). Consistency of location, course, and 
dimensions of the dominant vascular pedicle are important features for 
any free flap.23 Therefore, the aim of this study was to assess these clinically 
relevant anatomical features of the pectoral branch of the thoracoacromial 
trunk to the sternocostal segment of the pectoralis major muscle, to 
establish its potential as a pedicle of such a segmental free flap.

Materials and Methods

Anatomic dissection of the vascular pedicle of both pectoralis major muscles 
in 9 formalin-fixed adult human cadavers (3 male, 6 female) was performed 
using 5x loupe magnification. As one of these cadavers had been operated 
on, a total of 17 vascular pedicles could be assessed. The entire ventral 
surface of the pectoralis major muscle was exposed by removing the skin 

creo
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and subcutaneous tissue. The humeral insertion of the pectoralis major 
muscle was transected, while the origin of the muscle to the clavicle was 
left intact. The deep surface of the muscle was raised from the thoracic wall 
to expose the emergence of the pectoral branch of the thoracoacromial 
artery at the medial border of the pectoralis minor muscle. Next, this 
pectoral branch was dissected toward its entry point into the sternocostal 
part of the muscle.
To assess the cranial border of the segmental flap the point of entry of the 
vascular pedicle was established first. In cases where the pedicle entered 
the muscle before it branched, this point was accepted as this entry point, 
whereas the level of branching was accepted as the cranial border of the 
flap in cases where the pedicle branched before entering the muscle.
For convenience of terminology, this latter level was also referred to as the 
“entry point” of the vascular pedicle. Second, this entry point was related to 
the ribs and the “clavicular line” drawn from the sternoclavicular joint to the 
acromioclavicular joint (Figure 3).

Figure 3. Schematic drawing 
displaying the clavicular line (CL), 
the average course of the pectoralis 
branch of the thoracoacromial 
vascular trunk, and the approximate 
extent of the segmental pectoralis 
major muscle free flap.

These anatomic landmarks were indicated along with the entry point with 
colored pins on the ventral surface of the muscle. Using a laser pointer, 
the pinheads were perpendicularly projected on a glass plate covered 
with graph paper. This glass plate was leveled with the frontal plane of the 
cadaver. Third, the length of the arterial pedicle was measured. Because 
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the vascular pedicle is most easily dissected up to the medial border of the 
pectoralis minor muscle, the pedicle length was initially established from 
the entry point up to this border.11 Subsequently, the costal origin of the 
pectoralis minor muscle was dissected to measure the additional length of 
the pedicle from this muscle’s border up to the origin of the thoracoacromial 
trunk from the axillary artery (Figure 4).
Finally, the external arterial diameter was measured at the medial border of 
the pectoralis minor muscle by the method tried and tested by Hillen24 and 
using a microscope at 16x magnification. The diameter of the comitant vein 
was compared to this arterial diameter.

Figure 4. The length of the arterial pedicle (bracket) 
was measured from the medial border of the 
pectoralis minor muscle (single arrow) up to the point 
of entry into the muscle. Next, the distance up to its 
origin from the axillary artery was measured (double 
pointed arrow). VP, vascular pedicle; Pm, pectoralis 
minor muscle; AA, axillary artery.

Results

The location of the entry point of the dominant vascular pedicle of the 
central sternocostal segment was quite variable, but it was consistently 
located lateral to the midpoint of the clavicular line, at a mean of 77 % 
of its length from the sternoclavicular joint (Table 1). Measured sagittally, 
this point was located 8.8 cm (range, 6.4–13.0 cm) caudal to the clavicular 
line and it overlied the third rib or third intercostal space in 11 out of 17 
specimens (Table 1).

creo
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Table 1. Entry point of the dominant vascular pedicle into the pectoralis major muscle

Spec. no. Sternoclavicular joint to
acromioclavicular joint

Distance to
clavicular line (cm)

Relation to ribs

1 81 % 7.1 2nd intercostal

2 71 % 7.8 2nd intercostal

3 71 % 6.4 3rd rib

4 99 % 10.7 3rd rib

5 77 % 9.1 2nd intercostal

6 68 % 10.2 3rd intercostal

7 68 % 11.3 3rd intercostal

8 77 % 9.9 3rd intercostal

9 69 % 9.8 4th rib

10 89 % 13.0 not measured

11 72 % 8.3 3d rib

12 80 % 7.0 3rd rib

13 80 % 7.2 2nd intercostal

14 70 % 8.0 3rd rib

15 76 % 7.3 3rd rib

16 80 % 8.4 3rd intercostal

17 73 % 8.9 3rd intercostal

The mean length of the pedicle up to the medial border of the pectoralis 
minor muscle was 6.6 cm (range, 4.3–9.6 cm), and an additional mean length 
of 1.7 cm (range, 0.6–2.5 cm) could be obtained by proximal dissection of 
the thoracoacromial trunk to its origin from the axillary artery (Table 2).
At the medial border of the pectoralis minor muscle, the mean external 
arterial diameter was 1.8 mm (range, 0.95–2.71 mm) (Table 2). The diameter 
of the comitant veins was consistently found to be larger than the arterial 
diameter.
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Table 2. Length of the dominant vascular pedicle and external arterial diameter

Spec. no. Length artery up to
medial border

pectoralis minor (cm)

Length artery up to 
origin at the 

axillary artery (cm)

External arterial diameter at
medial border

pectoralis minor (mm)

1 5.2 not measured 2.55

2 6.5 8.0 2.71

3 4.3 5.7 2.23

4 5.1 7.6 1.59

5 6.6 8.8 1.43

6 7.5 8.5 1.51

7 9.5 10.1 2.23

8 6.8 8.8 1.34

9 8.0 10.2  0.95 

10 9.6 11.3 1.25

11 5.2 6.4 1.62

12 4.3 6.3 1.56

13 5.7 7.2 1.81

14 5.9 8.4 1.50

15 6.4 8.6 1.31

16 7.1 8.5 1.97

17 8.0 9.7 2.32

Discussion

To date, the sternocostal part of the pectoralis major muscle has not 
enjoyed widespread application as a microsurgical flap.12,13 We feel this may 
be because microvascular surgery was just coming up when Ariyan25 first 
introduced and popularized the pectoralis major flap, in 1979. At the onset 
of the microvascular era, other muscle flaps may have been preferred for 
their larger vascular diameter and length. Additionally, the usefulness of 
the pectoralis major muscle for functional transfer has not withstood the 
test of time. Still, this muscle may be used as a nonfunctional muscle or 
musculocutaneous flap. 
The selection of free flaps depends on several criteria and successful transfer 
of free muscle flaps requires suitable dimensions to cover the defect, easy 
access and dissection of the muscle and its pedicle, consistency of the 
localization and course of the flap’s pedicle, sufficient length and caliber 
of the pedicle’s vessels for microanastomosis, and limited donor-site 
morbidity.
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In comparison to muscle flaps currently used for microsurgical 
reconstruction, the free segmental pectoralis major has several possibly 
attractive features (Table 3).

Table 3. Features of free muscle flaps

Flap Features Donor site

Latissimus dorsi Rectus abdominis Gracilis Segmental 
pectoralis major

Configuration Flat, triangular23 Long, flat23 Thin, flat23 Flat, fan-shaped23

Flap dimensions (cm) 15 x 3023 25 x 623 6 x 2423 15 x 2323

Segmental harvesting Yes23 Yes23 No23 Yes11

Pedicle length (cm) 823 523 623 6.6*

Arterial width (mm) 1.5 – 4.031 2.523 1 – 231 1.0 – 2.7*

Reinnervation          Yes23 No Yes23 Yes23

Donor function Expendable23 Not expendable Expendable23 Partly spared

Donor cosmesis Minimal23 None Minimal31 Minimal

Patient positioning Lateral 
Prone23

Supine
Lateral 

Lithotomy23

Supine
Prone Lithotomy23

Supine23

Harvest Easy31 Easy Easy31 Easy32

Contraindications Previous 
thoracothomy

Previous 
groin surgery23

Previous leg 
revascularization23

-

*Current study 

Unlike the gracilis or rectus abdominis muscle flap, the segmental pectoralis 
major muscle is wide and flat. Although less wide than the latissimus dorsi 
muscle, the pectoralis major muscle is also less bulky. This makes the 
pectoralis major flap a suitable option for the reconstruction of flat and 
wide, potentially contaminated defects, particularly in the head and neck 
region or on the extremities.
Like the gracilis and rectus abdominis flaps, the pectoralis major may be 
harvested with the patient in supine position, whereas harvesting the 
latissimus dorsi requires a lateral decubitus or prone position.23 The vascular 
pedicle of the pectoralis major muscle courses on the deep surface of the 
muscle22 and is easily accessible. We tried to define anatomic landmarks 
for the entry point of the vascular pedicle because descriptions in the 
literature are contradictory or even inaccurate.13,23,26-28 Though this entry 
point was consistently located lateral to the midpoint of the clavicular 
line, the large range of its location did not allow us to define a reference 
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point or anatomic landmark which can be marked pre- or peroperatively to 
facilitate its identification. In a clinical setting, such identification depends 
on direct visualization of the pedicle at the deep surface of the muscle. Once 
identified, easy dissection in cranial direction allows for a pedicle averaging 
6.6 cm. 
Manktelow et al.13 observed a mean pedicle length of only 4.2 cm but we 
surmise that these authors did not dissect the pedicle from the overlying 
clavicular part of the pectoralis muscle and up to the medial border of 
the pectoralis minor muscle. Moreover, they may not have limited the 
cranial extension of their flaps to the entry point of the pedicle, as we 
did. The length we observed is comparable to the length of the vascular 
pedicle of the gracilis muscle,23 but it is less than that of the latissimus 
dorsi or rectus abdominis muscle. Still, a pedicle length of 6 cm provides 
a reasonable distance between flap edge and pedicle end for exposure of 
the microvascular anastomosis.23 Furthermore, additional pedicle length 
might be obtained by somewhat more extended dissection up to the 
origin of the thoracoacromial trunk at the axillary artery, even though this 
requires division of the deltoid, acromial and clavicular branches of the 
trunk. Moreover, preliminary results of our in vivo study during pedicled 
segmental pectoralis major transpositions showed an average pedicle 
length of 8 cm. 
A further requirement for reliable microvascular transplantation is an 
external vessel diameter of the artery to be anastomosed between 1.5 and 
3 mm23 and even anastomosis of vessels with external lumen diameters of 
0.5 to 2 mm still feature a patency rate of 95%.23,29 We found the diameter to 
average 1.8 mm in the formalin-fixed cadavers we dissected, and the arterial 
diameter likely would be more favorable when measured in vivo or in fresh 
cadavers. This latter suggestion was supported by our findings of Duplex 
ultrasonography in 4 out of 5 investigated volunteers, showing a mean 
external arterial diameter of 2.1 mm (range, 1.3–3.0 mm). However, such 
ultrasonographic examination may not be clinically useful because of low 
image resolution, difficulty in locating and transverse scanning of the vessel 
at the medial border of the pectoralis minor muscle, tortuosity of the vessel, 
and intraobserver variability. Previous studies reported an average external 
arterial diameter ranging from 1.7 mm to 2.6 mm.9,13,17,22,23 This variation 
can partly be explained by the use of different levels in the course of the 
pedicle at which the diameter was measured. Some authors measured at 
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the axillary artery,22 whereas others did so at the thoracoacromial artery,9,17

or were unclear in their descriptions.13 The artery is usually accompanied 
by 1 or 2 comitant veins draining the sternocostal part into the axillary vein 
and the average diameter of these veins has been reported to range from 
1.8 mm to 3.3 mm,13,22 confirming our observations.
The final requirement is minimal functional and cosmetic donor-site 
morbidity. This morbidity may be minimized by use of a muscle-sparing 
technique that preserves the function of the clavicular and upper medial 
sternocostal part.6-11  In free flap transfer the scarring and distortion of 
the breast may be minimized by sole use of an inframammary incision.14

Although the gracilis and latissimus dorsi muscle may equally feature 
little donor site morbidity, the use of the rectus abdominis muscle creates 
potential weakness of the anterior abdominal wall that may predispose to 
ventral hernia formation30 and back pain.
In conclusion, we demonstrated the length and arterial diameter of the 
vascular pedicle of the pectoralis major muscle to suffice for microvascular 
transfer of the muscle. Hence, the central sternocostal segment of the 
pectoralis major muscle has the potential of a free flap. This flap may be 
chosen to reconstruct defects requiring a flat, broad muscle flap and a 6.6 
cm pedicle in cases where surgery in a supine position is preferred.
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Abstract

Background

Although microsurgical transplantation of the sternocostal segment of the 
pectoralis major muscle shares most of the advantages of the latissimus 
dorsi free flap, the latter has become a “workhorse” of microsurgery whereas 
the segmental pectoralis major free flap did not. By presenting our clinical 
experience with primary transplantations of this free flap to reconstruct 
craniofacial defects, we intend to draw more attention to its application 
and promote its use in reconstructive surgery.

Materials and methods

Segmental pectoralis major free flaps were used for reconstruction of 
craniofacial defects in 4 male oncological patients and 1 female trauma 
patient with a mean age of 55 years (range, 37–68 yr). The donor-site 
morbidity was limited by preserving the clavicular muscle segment and its 
innervation. In one patient, only part of the sternocostal segment of the 
muscle was harvested while, in another, the free flap’s vascular pedicle was 
anastomosed to the vascular pedicle of the contralateral pedicled pectoralis 
major flap.

Results

Total flap loss occurred in the one trauma patient and probably was caused 
by the traumatic injury to the vascular pedicle. Although repeated surgery 
for wound healing problems was required in one of the oncological patients, 
final flap outcome was favorable in all four.

Conclusions

The segmental pectoralis major free flap is a useful and justifiable adjunct 
to the microsurgical armamentarium for flat or wide craniofacial defects. It 
has the advantage over the latissimus dorsi flap of allowing a simultaneous 
two-team approach with the patient in supine position. 
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Introduction

We previously suggested that the 6.6 cm length and 1.8 mm arterial 
diameter of its vascular pedicle render the central, sternocostal segment 
of the pectoralis major muscle suitable for microvascular transfer as 
a musculocutaneous or muscular free flap.1 Its use allows for simple 
dissection of easily identifiable, good caliber vessels of generous length,2, 3

for the possibility of using one of three different vascular territories or a 
combination of these,2  for ample good quality rib for bony reconstruction,3

and for immediate reinnervation of a dynamically suitable free-functioning 
muscle transplantation2,4,5 without serious functional loss at the donor 
site.2,4,6  The flap may be harvested with the patient in supine position or 
lying on his side, allowing for simultaneous ablative surgery and recipient 
sites anywhere on the body.3  It may be preferred when other flaps are 
unavailable or contra-indicated because of previous use, prior radiotherapy, 
or potential division of their vascular pedicle by previous surgery.
Still, only 4 case reports of primary free transplantation of the sternocostal 
segment of the pectoralis major have been published to date (Table 1).3-5, 7

Additionally, Yeh et al.8  reported on the secondary conversion to a free 
flap of 5 pedicled pectoralis major flaps. We have clinically applied primary 
transplantations of this free flap to reconstruct craniofacial defects in 5 
patients. By presenting this series, we intend to draw more attention to this 
application and promote its use in reconstructive surgery.

Preoperative planning and surgical technique

The vascular pedicle of the sternocostal segment of the pectoralis major 
muscle extends from its origin at the thoracoacromial trunk, to its point 
of entry in the muscle. To localize the trunk, a perforator crossing over 
immediately from this trunk to the overlying skin can often be auscultated 
by doppler on a line halfway on, and perpendicular to the clavicular line 
(Figure 1).
The pedicle runs longitudinally downwards until it hits the line from the 
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tip of the acromion to the xyphoid (Figure 1). From that point onward, the 
vascular pedicle runs along this line up to the entry point of the vascular 
pedicle that is consistently located lateral to the midpoint of the clavicle.1

The lower-most cranial border of the flap is limited by this entry point.
If a musculocutaneous flap is needed, the skin paddle is outlined to overly 
the sternocostal part of the muscle. In males, this paddle may be outlined 
medially or inferior to the areola whereas in females, it has to be outlined 
as far below the areola as possible to obtain a less conspicuous donor-site 
scar. The skin paddle is circumcised down to the pectoralis fascia and the 
skin incision is extended along the lateral border of the breast, but only as 
far as to still allow for a deltopectoral flap for a possible salvage procedure. 
For the same reason, the parasternal perforators of the internal mammary 
vessels to the deltopectoral flap are spared. 
The lower border of the pectoralis major is identified and dissection of the 
caudal origin of the pectoralis major muscle flap along the costal arch is 
performed from lateral to medial. This way, the deep surface of the muscle 
is elevated from the chest wall and the pectoralis minor. The emergence 
of the flap’s vascular pedicle is identified at the medial border of the 
pectoralis minor muscle and the flap is transected as needed, anywhere 
from immediately above the point of entry of the vascular pedicle, up to 
close to the humeral insertion of the sternocostal segment. The amount 
of muscle raised depends on the volume and surface requirements of the 
defect (Figure 1). Further dissection is performed flush on the vascular 

Figure 1. Preoperative planning 
of the segmental pectoralis major 
free flap. The origin of the vascular 
pedicle at the thoracoacromial 
trunk can be localized by doppler 
auscultation of a perforator 
situated on a line halfway on, and 
perpendicular to the clavicular line 
(CL). The pedicle runs longitudinally 
downwards until it hits the line 
from the tip of the acromion to the 
xyphoid (AX), which it subsequently 
follows. The amount of muscle 
raised depends on the volume and 
surface requirements of the defect 
(shaded area represents maximum 
size), but should not include the 
parasternal perforators.
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pedicle. The pedicle is dissected from the overlying clavicular part of the 
pectoralis major muscle. Great care is taken not to damage the nerve 
branches supplying the clavicular part of the muscle, which are located 
craniomedially to the pedicle. This way, the function of this segment can 
be preserved.6 The vascular pedicle is dissected up to the medial border 
of the pectoralis minor muscle. This allows for a pedicle averaging 6.6 cm.1

Additional pedicle length might be obtained by more proximal dissection 
up to the origin of the thoracoacromial trunk from the axillary artery. The 
clavicular origin and humeral insertion of the clavicular segment of the 
muscle remain unharmed.9  When possible, the lateral abdominal part of 
the muscle is also left intact to maintain the contour of the anterior axillary 
fold. The donor site is closed primarily.

Case reports

Patient A: Radiation induced orbital sarcoma

Partial parotidectomy and resection of the lateral wall of the nose, cheek, 
orbit and part of the frontal bone including 4x5 cm of the dura mater 
was performed in a 68-year old man presenting with a radiation induced 
sarcoma of the right orbit. A free segmental muscle flap in combination 
with a split thickness skin graft was chosen because it re-contoured the 
defect and allowed harvesting of part of the rectus fascia to be applied 
as a dura patch. Moreover, the supine position allowed a simultaneous 
two-team approach. The pectoral pedicle of the flap was dissected up to 
the thoracoacromial vessels and anastomosed end-to-end to the right 
superficial temporal artery and vein. The flap healed uneventful but the 
patient died from residual tumor and intracerebral abscesses, one month 
postoperatively.

Patient B: Edema of the lower eyelid, an oro-cutaneous mandibular fistula and 
cervical scar contraction

A then 56-year old man underwent combined chemo-radiotherapy 
(RadPlat)10  followed by modified radical neck dissection for an intra-
oral T3N2M0 squamous cell carcinoma of the floor of the mouth. The 
right pectoralis major muscle was transposed as a pedicled muscle flap 
to cover the neck vessels after the lymphadenectomy. Subsequently, 
the patient developed severe edema of the right cheek and eyelids, 
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mandibular osteoradionecrosis and an oro-cutaneous fistula. Segmental 
mandibulectomy was performed in combination with a pedicled 
transposition of the right latissimus dorsi muscle flap. Due to failure of 
the distal part of this flap, the oro-cutaneous fistula recurred and the scar-
induced contracture in the neck worsened (Figure 2A).
Three years after initial treatment, the partially de-epithelialized left 
segmental pectoralis major musculocutaneous free flap was used to try and 
correct the edema by use of the dermal part of the flap for lymph-bridging,11  
to close the fistula by covering by its muscular part, and to release the 
contracture by inserting the flap’s remaining width and skin paddle. It was 
felt that the segmental pectoralis major free flap would address all of these 
requirements while allowing simultaneous dissection with the patient in 
supine position (Figure 2B). 
Moreover, the patient refused the use of his left latissimus dorsi muscle 
because he held the previous transposition of his right latissimus dorsi 
muscle responsible for the shoulder problems at that site.
The flap’s vascular pedicle was anastomosed end-to-side to the left 
common carotic artery and internal jugular vein. The postoperative course 
was uncomplicated (Figure 2C), but the patient died of metastatic disease, 
9 months after surgery.

A

Figure 2. A Preoperative view of Patient B who developed severe edema of the right cheek and eyelids, 
an oro-cutaneous fistula, and severe contracture of the neck after RadPlat treatment and a segmental 
mandibulectomy. B Intraoperative view of the design of the left segmental pectoral major free flap. 
The flap was to be raised in such a fashion as to preserve the parasternal perforators of the internal 
mammary vessels. A distal skin paddle was included and de-epithelialized for lymph bridging. C The 
postoperative course was uncomplicated and after a minor additional touch-up of the right cheek the 
edema and fistula were solved and the contracture lessened.

A B CA B C

creo
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Patient C: Parietal defect with bare skull

A 65-year old man presented for a parietal defect with 5x5 cm of bare skull 
and a 3 cm margin of inferior wound edge, 20 months after a year of excisions, 
re-excisions and local transposition flaps, and radiotherapy of a cranial 
squamous cell carcinoma (Figure 3). As a result of his previous treatment, 
local transpositions were no longer feasible and a 2x1 cm full thickness 
bony defect resulted after resection of necrosed skull bone. Because a well 
vascularized flat muscle flap of limited dimensions was needed, only part of 
the sternocostal segment of the right pectoralis muscle was anastomosed 
end-to-end to the right superficial temporal artery and vein as a free flap 
to be covered with a split thickness skin graft. Both the clavicular and 
abdominal segments of the muscle were preserved. For persisting wound 
healing disorders the patient required secondary advancement of the flap, 
2.5 months after surgery. Five years after surgery, the patient is doing well.

Figure 3. A Patient C presented for a parietal 
defect with 5x5 cm of bare skull and a 3 cm margin 
of inferior wound edge, 20 months after a year 
of excisions, re-excisions and local transposition 
flaps, and radiotherapy of a cranial squamous cell 
carcinoma.
B Result of free transplantation of part of the 
sternocostal segment of the right pectoralis 
muscle that was anastomosed end-to-end to the 
right superficial temporal artery and vein as a free 
flap and covered with a split skin graft, 3 months 
after surgery.
C Five years after surgery, the muscular part of the 
flap has atrophied and the patient is doing well.

A

B C
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Patient D: Partial facial avulsion

A 37-year old woman sustained severe injuries after a car accident including 
partial avulsion of the right side of her face down to the zygoma and caudal 
border of the mouth. Initially, extensive debridement of all wounds was 
performed in combination with a pedicled latissimus dorsi flap transposition 
to cover an extensive defect on the left shoulder.
Because the left pectoralis major muscle was easily accessible as a result of 
loss of most of the left breast due to the accident, it was anastomosed end-
to-end to the right facial artery and vein and covered with a split thickness 
skin graft to close the facial defect, 9 days after (Figure 4). Although the 
vascular pedicle was found during dissection to be edematous as a result of 
the mammary and clavicular injuries, the muscle seemed viable at the end of 
the operation. Still, the entire flap was lost, 3 days later. After removal of the 
flap the defect was covered with a split thickness skin graft, necessitating 
postponed secondary reconstruction.

Figure 4. Segmental pectoralis major free flap as 
clinically applied in our Patient D.

Patient E: Oro-cutaneous fistula

A 46-year old man underwent resection and segmental mandibulectomy 
for an oropharyngeal and right tonsillar T4N3M0 squamous cell carcinoma. 
The defect was reconstructed with a crista iliaca osteocutaneous free flap 
that was entirely lost and replaced by a plate and pedicled pectoralis major 
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musculocutaneous flap. After additional radiotherapy, an oro-cutaneous 
fistula developed and the plate broke (Figure 5A).
Seven months after initial treatment, the plate was removed and the 
fistula closed by use of the left segmental pectoralis major free flap. The 
flap’s thoracoacromial vascular pedicle was anastomosed end-to-end to 
the thoracoacromial vascular pedicle of the previously transposed right 
pectoralis major flap (Figure 5B).12  Four months postoperatively, additional 
sequestrectomy was performed by an intra-oral approach and an external 
wound dehiscence could be closed secondarily. Five years after surgery, the 
patient is doing well.

Figure 5B. Intraoperative view show-
ing the end-to-end anastomosis 
between the free flap’s vascular 
pedicle and the thoracoacromial 
vascular pedicle of the previously 
transposed right pectoralis major 
flap.

Figure 5A. Immediate preoperative 
design of the left segmental 
pectoralis major free flap used to 
close the oro-cutaneous fistula 
in Patient E. Note that the right 
pectoralis major muscle had already 
been used as a pedicled flap and 
that the incision at the left side 
was planned in such a fashion as to 
preserve the possibility of future use 
of a deltopectoral flap.

Discussion

The sternocostal segment of the pectoralis major has sporadically been 
reported to have been used as a free flap in a clinical setting for the 
replacement of forearm flexors (n = 3)4,5,7 or a composite mandibular defect 
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(n = 1).3  We now added 5 cases to this limited series (Table 1).  Furthermore, 
Yeh et al.8  converted pedicled pectoralis major flaps to free flaps for 
salvage of secondary defects or complications occurring shortly after 
initial transposition, in 5 clinical cases. This way, they avoided the need to 
harvest another flap and they were able to further remodel their flaps to 
improve contour. They had 1 total flap loss and repeated surgery for wound 
dehiscence or plate exposure was needed in 2 other patients. Although 
their series and results cannot be compared to ours, the report by Yeh et 
al. also emphasized the versatility of the pectoralis major and proved that 
reliable vascular anastomoses could be made. Like us, they found that the 
vascular pedicle to be of ample length for optimal positioning of the free 
flap. In addition, two rat models of the pectoralis major free flap have been 
described to date.13,14  Zhang et al.13  showed that the rat pectoralis muscle 
can serve as an experimental model for vascularized, innervated muscle 
flaps and Brunelli et al.,14  moreover, considered the model to also be a good 
tool for microsurgical exercise. This flap should not be confused with the 
clavicular head of pectoralis major muscular or musculocutaneous free flap 
that was reported by both Reid et al.15 and Milroy and Korula.16

Previous authors mentioned the advantages of the use of the sternocostal 
segment of the pectoralis major muscle as a free flap but, still, this flap 
appears not to have gained widespread application. The selection of free 
flaps depends on several factors. First, there are the requirements to be met 
in the receptor area. As such, the pectoralis major is a favorable muscle for 
shallow and wide defects up to 15 x 23 cm when a pedicle length of 6 to 7 
cm is required.1  It may be used in contaminated recipient defects. In this 
series we, furthermore, showed its suitability as coverage of craniofacial 
defects, as a bridging dermal flap to relieve edema, as muscular closure of 
an oro-cutaneous fistula, and as bulk to release cervical scar contracture. In 
one patient we could easily include part of the rectus fascia for dura mater 
repair. The sternal part of the pectoralis major is innervated by multiple small 
motor nerves rather than one motor nerve and this segmental innervation 
could make it a relatively poor choice for an innervated muscle transfer.17

Still, these multiple innervations are considered a further advantage for 
functioning free muscle transfer by some.2

Considering the donor site, the segmental pectoralis major has the 
advantage of easy accessibility of the muscle and vascular pedicle and the 
possibility of flap harvesting with the patient in a supine position. This latter 
characteristic is especially favorable in oncological reconstruction when a 
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simultaneous two-team approach is desired. Still, the pectoralis free flap 
may also be raised when the patient lies on his side, allowing efficient 
use for reconstruction of dorsal or lateral defects. Furthermore, with the 
abundance of flaps currently available, flap selection is increasingly focused 
on minimizing donor-site morbidity. As such, we see the potential of 
harvesting just a small segment of the pectoralis major in a muscle-sparing 
fashion with preservation of the lateral border of the sternocostal segment 
and the innervation and function of the remaining clavicular segment of 
the muscle. A final benefit, especially in women, is an inconspicuous scar in 
cases where an infra-mammary incision is used. The disadvantages of the 
pectoralis major free flap are the unsightly loss of the anterior axillary fold 
in cases where all of the sternocostal segment of the muscle is used, and 
the bulk of the musculocutaneous flap, particularly in women.3

Although the free pectoralis major flap shares many of these advantages 
and disadvantages with the free latissimus dorsi flap and rectus abdominis 
flap,18  these flaps became “workhorses” for the reconstruction of soft 
tissue defects in the head and neck area, whereas the pectoralis major did 
not. They are preferred particularly when muscle bulk is wanted. Like the 
pectoralis major muscle, the lattissimus dorsi is expandable for the large 
overlap of muscle function in shoulder movement. Still, harvesting the 
latissimus dorsi usually necessitates intraoperative repositioning of the 
patient. The rectus abdominis transplantation can be done with a single 
preparation and drape but its use often leads to abdominal bulging or 
herniation,19 marked decrease of abdominal muscle function,20,21 and lower 
back pain.22 Alternatively, the anterior lateral thigh flap may be used to 
reconstruct larger intra-oral and facial defects,18   but it is less useful when a 
thin and adherent resurfacing of the scalp is indicated.23,24

This neglecting of the free pectoralis major flap may be explained by the 
explosive development of free flaps as an alternative for the pedicled 
pectoralis major flap during the years immediately after Ariyan had 
popularized its use for head and neck reconstruction.25  Paradoxically, most 
surgeons did obviously not consider the free modification of the originally 
pedicled pectoralis major flap while searching for these alternatives. Also, 
other muscle flaps may initially have been preferred for even longer and 
larger caliber vascular pedicles when microsurgery was just coming up. 
Still, now that microsurgical experience is large and widely spread, we feel 
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that the free segmental pectoralis major muscle flap is perfectly suited 
for several clinical settings and is wrongly being ignored as a primary 
microsurgical option.

In conclusion, in the largest series of its kind presented to date we showed 
that the segmental pectoralis major free flap may be successfully used for 
various head and neck defects requiring flat or intermediate muscle or 
musculocutaneous flaps in potentially contaminated defects. In spite of 
one failure, we consider it an addition to the variety of tools we already had 
at our disposal.
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Epilogue

Head and neck cancer is a devastating disease, but its treatment has 
progressed greatly over the years. Tumors of the head and neck account for 
approximately 3-5% of all newly diagnosed malignancies.1 Head and neck 
cancer is rarely seen in people younger than 40 year, and in the Netherlands 
32% of all new cases occur in patients of 70 years and older.2 Now that 
oncological treatment of these patients has improved, the quality of life has 
become of greater interest. Reconstruction of defects following ablative 
surgery remains a challenging problem. Contemporary reconstructive 
techniques have not only improved the quality of life for these patients, but 
have also permitted more aggressive extirpation because complex wounds 
can now be closed. Without such reconstruction, complete extirpation 
would often be impossible. With these improved treatments and longer 
survival, more emphasis is placed on minimizing donor-site morbidity.

The work presented in this thesis represents the quest for innovation and 
refinement that lies at the heart of plastic surgery. To ensure the evolution of 
optimal treatment and the best possible solution for that individual patient, 
most oncological patients require treatment of a team that includes a plastic 
surgeon. However, often the unique and creative solutions introduced by 
plastic surgeons are readily incorporated into the armamentarium of the 
ablative surgical specialties. As a consequence, these specialists increasingly 
perform reconstructions in their own patients and plastic surgeons are 
increasingly frustrated to regularly perform their innovative procedures as 
a result of the limited number of patients being referred by these ablative 
surgeons. Additionally, ablative surgeons tend to only use “custom” flaps 
they are familiar with, because they did not receive formal training in 
plastic surgery. Consequently, they may be ignorant of or hesitant about 
innovative techniques. Only an open interdisciplinary approach of head 
and neck patients by ablative surgeons and plastic surgeons ensures that 
patients optimally benefit from the innovations in all of these disciplines. 
Together, each achieves more (TEAM). Moreover, this way we would again 
adhere to Gillies’ classical commandment that “the remover should not be 
the repairer”.3 Obviously, this requires constant and alert availability and 
willingness of plastic surgeons to perform immediate reconstructions of 
defects. Without such willingness to be available and to innovate and refine 
techniques, reconstructive plastic surgery will be absorbed within the 
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multiple disciplines limited to specific organ systems or anatomic regions.

The most recent development in flap reconstruction has been the advent 
of perforator-based flaps to optimally preserve form and function of the 
donor area.4 In regard of this aim in the pectoral donor region and head 
and neck receptor site, the internal mammary artery perforator (IMAP) 
flap as first described in 2006 by Yu et al.4 and Neligan et al.5 is currently 
under investigation. Again, this represents “a new variation on an old 
theme”,5,6 since the first large perforator-based cutaneous flap to come into 
widespread use was the deltopectoral flap6,7 and the internal mammary 
artery perforator flap (IMAP) is a variation of this “Bakamjian” flap, based 
on the perforators of the internal mammary artery.8 Perhaps McGregor and 
Jackson9 already recognized that the robustness of this particular flap was 
the result of its unique vascular arrangement in that “the deltopectoral flap 
had a virtually closed arterio-venous system deriving from and draining into 
the perforating branches of the internal mammary system.” The IMAP flap is 
a relative thin fasciocutaneous flap and useful for small to moderately sized 
defects in the lower neck or upper chest.4 It is less bulky than the pectoralis 
major flap and offers aesthetic results superior to those of the deltopectoral 
flap.4 No skin grafting is required for the donor defect.5 What needs to be 
established is more detail of the angiosomal territory perforators and their 
length and arterial diameter.
The term “perforator-flap” was coined by Koshima, in 1989.10 The goal of the 
use of perforator flaps is to minimize donor-site morbidity by preserving the 
muscle and its motor nerve and function in order to maintain the donor-
site contour and appearance.6 Although most perforator flaps have been 
used as free flaps for distant reconstruction, they are equally valuable when 
designed as a pedicled island flap.4 This should not be overlooked while 
ever more sophisticated procedures are invented and introduced.

Our first aim was to refine our technique of harvesting the pedicled 
segmental pectoralis major flap based on an anatomical study and to 
assess the clinical advantages over non-muscle-sparing techniques at both 
the donor and the receptor site. A new route of transfer of the pedicled 
segmental pectoralis major flap with preservation of the nerve supply to 
the clavicular part was established and the pectoralis major island flap was 
transposed upwards through a tunnel in the deltopectoral groove, lateral 
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to the origin of the main vascular pedicle. Though some studies had already 
described the segmental harvesting technique,11-19 the deltopectoral groove 
had not been previously described for transfer. Furthermore, transfer on a 
muscle-free pedicle reduces the bulge as the flap passes over the clavicle 
and allows higher defects to be reached.
For any innovation to be warranted, the associated morbidity and outcome 
ought to be comparable or, even, more favorable to that of conventional 
or non-function sparing techniques. Preservation of the innervation 
and function of the residual parts at the donor site could be confirmed 
postoperatively by electromyography but its clinical relevance for the 
patient could not be established. Clinical examination was difficult in the 
investigated population because many patients were in poor general health 
and most had previously undergone a neck dissection. Donor-site shoulder 
function was compared to the contralateral side after surgery. However, for 
future studies we aim for pre- and postoperative functional testing.
At the recipient site, complication rates were rather high and we noticed 
more fistulas after salvage procedures. While the pectoralis major is often 
used after salvage procedures, we suggest that these may be an indication 
for free flap transfer rather than a (relative) contra-indication.

The second aim of this study was to assess the potential of the segmental 
pectoralis major flap as a free flap. We tried to establish clinically relevant 
anatomic features of the pectoral branch of the thoracoacromial trunk to 
the sternocostal part of the pectoralis major. Though an anatomic landmark 
for the entry point of the pedicle and, therefore, the cranial border of the 
muscle flap could not be defined, the length and arterial diameter of the 
vascular pedicle proved sufficient for microvascular anastomosis. This led 
us to clinically use the segmental pectoralis major free flap in five patients. 
While this use has not gained widespread application, we feel that our 
results are promising and tend to draw more attention to its use.

The quest for refinements of techniques will continue and accordingly 
reduction of donor-site morbidity and improvement of functional outcome 
will remain important goals for reconstructive surgeons. The principle of 
preservation of donor-site function by segmental harvesting is not only 
applicable to the pectoralis major muscle, but can also be used in other 
muscle flaps. This has been suggested by previous reports for the latissimus 
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dorsi,20-22 the gracilis,23,24 and rectus abdominis muscle.25 Likewise, additional 
reduction of donor-site morbidity may be expected from minimally invasive 
and endoscopically assisted surgery. Endoscopically assisted dissection at 
donor sites has been described for a wide range of tissues26-28 including the 
pectoralis major muscle.29

Conclusions

The following conclusions may be drawn from the studies presented in
this thesis:

a separate nerve innervates the clavicular and upper sternocostal parts 
of the pectoralis major muscle; this nerve arises craniomedial to the 
main vascular pedicle on which the pedicled flap is raised
the innervation of the clavicular part is preserved by transposition of 
the sternocostal part through the deltopectoral groove, lateral to the 
origin of the vascular pedicle 
our muscle-sparing technique is reliable as clinical results are  compar-
able to conventional techniques; in addition, function is preserved at 
the donor site
the length and arterial diameter of the vascular pedicle of the pectoralis 
major are sufficient for microvascular anastomosis of the sternocostal 
segment as a free flap
the segmental pectoralis major free flap is a useful and justifiable 
adjunct to the microsurgical armamentarium for flat or wide craniofacial 
defects
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In chapter 1, an overview of the evolution of flap surgery is presented. 
Over the last century, randomly vascularized fasciocutaneous flaps evolved 
to axial “island” flaps and musculocutaneous and muscular flaps were re-
introduced. The introduction in the clinic of a surgical microscope led 
to the development of multiple free musculocutaneous, muscular, and 
fasciocutaneous flaps. Although the potential of the pedicled pectoralis 
major myocutaneous flap for one-staged head and neck reconstructions 
was quickly recognized, it was not long before more sophisticated flaps and 
free flaps were used for such reconstructions. Consequently, refinements 
of techniques for pedicled pectoralis major flap transfer or, even, free flap 
transplantations were not sought for.

Although methods have been described that include a limited portion of 
the pectoralis major muscle while leaving the upper parts undisturbed with 
an intact motor innervation, there are few reports on anatomical studies of 
its nerve supply. The distal distribution of the nerves, the spatial relationship 
to the main vascular pedicle, and the ways to preserve them during surgical 
procedures remain unclear. Therefore, we investigated the nerve supply to 
the clavicular part of the pectoralis major muscle so that the innervation 
to this part can be maintained in the muscle-preserving pectoralis major 
island flap transfer. In chapter 2 we report that we observed a separate 
nerve to innervate the clavicular and upper medial sternocostal parts of 
the pectoralis major muscle in all subjects. This nerve arises craniomedial 
to the main vascular pedicle on which the flap is raised. It divides into 
several branches going to the clavicular and upper medial sternocostal 
parts. These run in a fascia on the dorsal surface of the pectoralis major 
muscle, superficial to the origin and distal course of the vascular pedicle. 
Most branches to the clavicular part end medial to the coracoid process 
and lateral to the origin of the muscle on the clavicle. The course of the 
branches to the upper sternocostal part is more medial. Based on our 
anatomical findings we proposed a surgical technique for transfer of the 
pectoralis major island flap to the head and neck area through a tunnel 
in the deltopectoral groove, lateral to the origin of the vascular pedicle. 
Head and neck reconstruction was then performed using this technique. 
The presented method is a muscle preserving procedure that maintains 
maximal donor site function and morphology.
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Based on our anatomical study, the nerve supply and motor function of 
the clavicular part was alleged to be preserved when the sternocostal 
part is transposed through the deltopectoral groove. Particularly in cases 
where dissection of the lymph nodes of the neck had been performed, the 
donor site morbidity was supposedly reduced. In chapter 3 we report on 
this preservation of motor function of the clavicular part. Muscle activity 
of the remaining clavicular and abdominal muscle parts was determined 
electromyographically, dynamometrically, and goniometrically on 17 sides 
in 16 patients after head and neck reconstruction. Subjective assessment 
was obtained by use of a structured questionnaire. The electromyogram 
proved preservation of innervation of 16 of 17 clavicular parts. The 
electromyogram of the abdominal part showed no signs of denervation on 
10 sides and normal, full interference patterns at maximum voluntary effort 
in all patients.
Selective functional testing of the clavicular part revealed decreased force in 
horizontal adduction in 11 out of 15 patients. Still, the isolated effect of the 
pectoralis major transposition on shoulder function could not be objectified 
statistically. Subjective evaluation yielded that shoulder disability was more 
likely to have been correlated with loss of trapezius muscle function. We 
concluded that the innervation of the clavicular part, indeed, was preserved 
by transposition of the sternocostal part through the deltopectoral groove. 
This supported the validity, effectiveness, and functional acceptability of 
our muscle-sparing technique of partial pectoralis major transposition.

In chapter 4 we report on the reliability and clinical outcome of the muscle-
sparing technique at the receptor site. Fifty-four pedicled segmental 
pectoralis major island flaps were used in 53 patients, from 2001 through 
2006. As outcome measures we studied the overall rate of complications, 
the rate of major complications, and the final outcome at the receptor sites. 
We differentiated for the types of complications and assessed operation 
indication (primary versus salvage procedure), site of reconstruction, 
previous radiotherapy, and completeness of tumor excision as possible risk 
factors for complications. We compared our findings to those of a meta-
analysis of 16 other studies. Complications at the receptor site were observed 
after 21 of the 54 operations (0.39). Eleven of these cases (0.52) required 
repeated surgery that was successful in eight cases (0.72). Conservative 
treatment was successful in eight cases (0.80). Final outcome was successful 
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in 49 of the 54 operations (0.91). Previous radiotherapy was a significant risk 
factor for persisting complications. Salvage procedures were a significant 
risk factor for developing clinical fistulas and the risk of partial flap loss was 
significantly correlated with non-hypopharyngeal reconstructions. Our 
results were comparable to those found in the meta-analysis. Our muscle-
sparing technique proved to be reliable with clinical results comparable to 
conventional techniques in addition to function preservation at the donor 
site.

The possibility to perform a muscle-sparing procedure and the extra-
muscular course of the vascular pedicle provided suitable features for free 
transplantation of a segment of the pectoralis major muscle. The aim of the 
study presented in chapter 5 was to investigate the length and diameter 
of this vascular pedicle to determine the feasibility of such a segmental 
free flap. Seventeen anatomical dissections of the vascular pedicle were 
performed in 9 formalin-fixed human cadavers. The length of the pedicle, 
its arterial diameter, and its entry point into the muscle were determined. 
The length was measured up to the medial border of the pectoralis minor 
muscle and up to the origin of the thoracoacromial trunk at the axillary 
artery. The mean length of the vascular pedicle up to the medial border 
of the pectoralis minor muscle was 6.6 cm. A mean additional length of 
1.7 cm was obtained by proximal dissection of the thoracoacromial trunk 
to its origin from the axillary artery. The mean external arterial diameter 
at the medial border of the pectoralis minor muscle was 1.8 mm. The 
vascular pedicle consistently entered the muscle lateral to the midpoint of 
the clavicular line. This entry point was located a mean of 8.8 cm caudal to 
the clavicular line. We concluded that the length and arterial diameter of 
the vascular pedicle were sufficient for microvascular anastomosis and that 
the sternocostal part of the pectoralis major muscle has the potential to be 
used as a segmental free flap. An anatomic landmark for the entry point of 
the pedicle and, therefore, the cranial border of the muscle flap could not 
be defined. 

Although microsurgical transplantation of the sternocostal segment of 
the pectoralis major muscle has many advantages, it has not become a 
“workhorse” of microsurgery to date. In chapter 6 we present our clinical 
experience with primary transplantations of this free flap to reconstruct 
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craniofacial defects. Segmental pectoralis major free flaps were used for 
reconstruction of craniofacial defects in four male oncological patients and 
one female trauma patient with a mean age of 55 years (range, 37– 68 yr). The 
donor site morbidity was limited by preservation of the clavicular segment 
and its innervation. In one patient, only part of the sternocostal segment of 
the muscle was harvested while, in another, the free flap’s vascular pedicle 
was anastomosed to the vascular pedicle of the contralateral pedicled 
pectoralis major flap. Total flap loss occurred in the one trauma patient 
and probably was caused by the traumatic injury to the vascular pedicle. 
Although repeated surgery for wound healing problems was required in 
one of the oncological patients, final flap outcome was favorable in all four. 
The segmental pectoralis major free flap is a useful and justifiable adjunct 
to the microsurgical armamentarium for flat or wide craniofacial defects. It 
has the advantage of allowing a simultaneous two team approach with the 
patient in supine position. 

Chapter 7 includes an epilogue and the main conclusions of this thesis. The 
role of our research in the current era with great interest on minimal donor 
site morbidity and perforator flaps is discussed. Furthermore we stress the 
need for an open interdisciplinary approach of head and neck patients by 
ablative surgeons and plastic surgeons. Finally, future developments are 
described
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In hoofdstuk 1 wordt een overzicht gegeven van de evolutie van de 
lapchirurgie. In de afgelopen eeuw hebben “random” gevasculariseerde 
fasciocutane lappen zich ontwikkeld tot axiale “eiland” lappen en werden 
myocutane lappen en spierlappen opnieuw geïntroduceerd. De invoering 
van de operatiemicroscoop heeft geleid tot de ontwikkeling van multipele 
vrije myocutane, spier- en fasciocutane lappen. Hoewel de mogelijkheid 
om de gesteelde pectoralis major myocutane lap te gebruiken voor één-
tempo hoofd-hals reconstructies spoedig werd erkend, duurde het niet 
lang voordat meer complexe lappen en vrije lappen werden gebruikt 
voor dergelijke reconstructies. Dientengevolge werd er niet gezocht naar 
verfijning van technieken van de gesteelde pectoralis major lap transpositie 
of, zelfs, vrije lap transplantaties.

Hoewel er methoden zijn beschreven waarbij een deel van de pectoralis 
major spier gebruikt wordt en het craniale deel wordt behouden met een 
intacte motorische innervatie, zijn er weinig artikelen met anatomische 
studies over de betreffende zenuwvoorziening. Het distale verloop van de 
zenuwen, de ruimtelijke relatie tot de dominante vaatsteel en de wijze om 
ze te behouden tijdens de operatie bleven onduidelijk. Daarom hebben 
we de zenuwvoorziening onderzocht naar het claviculaire deel van de 
pectoralis major zodat de innervatie naar dit deel behouden kan worden 
bij een spiersparende transpositie van deze pectoralis major eiland lap. 
In hoofdstuk 2 toonden we dat in alle kadavers een aparte zenuw het 
claviculaire en bovenste mediale sternocostale deel van de pectoralis 
major innerveert. Deze zenuw ontspringt craniomediaal ten op zichte 
van de dominante vaatsteel waarop de lap getransponeerd wordt. Deze 
splitst in meerdere takjes welke naar het claviculaire en bovenste mediale 
sternocostale deel lopen. Deze lopen in een fascie aan de dorsale zijde van 
de pectoralis major, oppervlakkig van de oorsprong en het distale verloop 
van de dominante vaatsteel. De meeste takjes naar het claviculaire deel 
eindigen mediaal van de processus coracoideus en lateraal van de origo 
van de spier aan de clavicula. De takjes naar het bovenste sternocostale 
deel lopen meer naar mediaal. Op basis van onze anatomische bevindingen 
hebben we een chirurgische techniek ontwikkeld voor de transpositie van 
de pectoralis major eiland lap naar het hoofd-hals gebied door middel 
van een tunnel in de deltopectorale groeve, lateraal van de oorsprong van 
de dominante vaatsteel. Hoofd-hals reconstructies werden vervolgens 
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uitgevoerd middels deze techniek, spiersparend, met maximaal behoud 
van vorm en functie op de donorplaats.

Op basis van onze anatomische studie, werd verondersteld dat de 
zenuwvoorziening en de motorische functie van het claviculaire deel werd 
behouden wanneer het sternocostale deel werd getransponeerd door de 
deltopectorale groeve. Met name bij patiënten bij wie een halsklierdissectie 
was uitgevoerd, werd verondersteld dat de donormorbiditeit verminderd 
zou zijn. In hoofdstuk 3 wilden we dit behoud van de motorische functie 
van het claviculaire deel objectiveren. De spieractiviteit van de resterende 
claviculaire en abdominale delen werd bepaald middels elektromyografie, 
dynamometrie en goniometrie aan 17 zijden van 16 patiënten na hoofd-
hals reconstructies. Subjectieve informatie werd verkregen door middel 
van een gestructureerde vragenlijst. Het elektromyogram toonde behoud 
van de innervatie aan 16 van de 17 claviculaire zijden. Het elektromyogram 
van het abdominale deel toonde geen denervatie bij 10 zijden en normale, 
volledige interferentie patronen bij maximale aanspanning bij alle 
patiënten. 
Selectieve functionele testen van het claviculaire deel wezen uit dat er 
een verminderde kracht bestond in horizontale adductie bij 11 van de 15 
patiënten. Desondanks kon het geïsoleerde effect van de pectoralis major 
transpositie op de schouderfunctie niet statistisch worden geobjectiveerd. 
Bij subjectieve evaluatie leek de schouderbeperking meer in verband 
te staan met het verlies van trapezius functie. We concludeerden dat 
de innervatie van het claviculaire deel inderdaad werd behouden bij 
transpositie van het sternocostale deel door de deltopectorale groeve. Dit 
ondersteunt de validiteit, effectiviteit en functionele aanvaardbaarheid van 
onze spiersparende techniek van partiële pectoralis major transpositie.

In hoofdstuk 4 melden we de betrouwbaarheid en klinische uitkomst 
van de spiersparende techniek op de receptorplek. Vierenvijftig 
gesteelde segmentale pectoralis major eiland lappen werden gebruikt 
bij 53 patiënten, van 2001 tot en met 2006. We bestudeerden het totale 
aantal complicaties, het aantal grote complicaties, en de uiteindelijke 
uitkomst op de receptorplaats. We maakten onderscheid tussen het type 
complicatie en onderzochten als mogelijke risicofactoren de operatie-
indicatie (primaire versus secundaire ingrepen), locatie van reconstructie, 
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eerdere radiotherapie en radicaliteit van tumorexcisie. We vergeleken onze 
bevindingen met de meta-analyse van 16 andere studies. Complicaties op 
de receptorplaats werden gezien na 21 van de 54 operaties (0.39). Elf van 
deze casus (0.52) vereisten een heroperatie welke succesvol was in acht 
gevallen (0.72). Conservatieve behandeling was succesvol in 8 gevallen 
(0.80). De uiteindelijke uitkomst was succesvol in 49 van de 54 operaties 
(0.91). Eerdere radiotherapie was een significante risicofactor voor het 
ontwikkelen van persisterende complicaties. Secundaire reconstructies 
waren een significante risicofactor voor het ontwikkelen van klinische fistels 
en het risico op gedeeltelijk lapverlies was significant gecorreleerd met 
niet-hypopharynx reconstructies. Onze resultaten waren vergelijkbaar met 
de gevonden resultaten in de meta-analyse. Onze spiersparende techniek 
bleek betrouwbaar met klinische resultaten die vergelijkbaar waren met 
conventionele technieken en bovendien te leiden tot functiebehoud op de 
donorplaats.

De mogelijkheid om een spiersparende procedure uit te voeren en het 
verloop van de dominante vaatsteel buiten de spier, vormen geschikte 
eigenschappen voor vrije transplantatie van een segment van de pectoralis 
major spier. Het doel van de studie gepresenteerd in hoofdstuk 5 was 
om de lengte en diameter van de vaatsteel te onderzoeken teneinde de 
haalbaarheid van deze segmentale vrije lap te bepalen. 
Zeventien anatomische dissecties van de vaatsteel werden uitgevoerd bij 
9 formalinegefixeerde menselijke kadavers. De lengte van de vaatsteel, 
de arteriële diameter, en de intredeplaats in de spier werden bepaald. De 
lengte werd gemeten tot aan de mediale rand van de pectoralis minor 
en tot aan de oorsprong van de truncus thoracoacromialis uit de arteria 
axillaris. De gemiddelde lengte van de vaatsteel tot aan de mediale rand 
van de pectoralis minor was 6,6 cm. Een extra lengte van gemiddeld 1,7 cm 
kon worden verkregen door een meer proximale dissectie van de truncus 
thoracoacromialis naar de oorsprong uit de arteria axillaris. De gemiddelde 
externe diameter ter plaatse van de mediale rand van de pectoralis minor 
was 1,8 mm. De vaatsteel trad de spier in op een punt lateraal van het 
midden van de claviculaire lijn. Deze intredeplaats was gemiddeld 8,8 cm 
caudaal van de claviculaire lijn gelegen. We concludeerden dat de lengte en 
arteriële diameter van de vaatsteel voldoende waren voor microvasculaire 
anastomosering en dat het sternocostale deel van de pectoralis major 
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de potentie heeft om als segmentale vrije lap te worden gebruikt. Een 
anatomisch oriëntatiepunt voor de intredeplaats van de vaatsteel en 
daarmee de craniale rand van de lap, kon niet worden gedefinieerd. 

Hoewel microchirurgische transplantatie van het sternocostale deel 
van de pectoralis major vele voordelen biedt, is het hedentendage geen 
‘werkpaard’ in de microchirurgie. In hoofdstuk 6  presenteren we onze 
klinische ervaring met primaire transplantaties van deze vrije lap voor de 
reconstructie van craniofaciale defecten. Segmentale pectoralis major 
vrije lappen werden toegepast voor de reconstructie van craniofaciale 
defecten bij vier mannelijke, oncologische patiënten en één vrouwelijke 
traumapatiënt met een gemiddelde leeftijd van 55 jaar (range, 37-68 
jaar). De donormorbiditeit werd beperkt door behoud van het claviculaire 
deel en de betreffende innervatie. Bij één patiënt werd slechts een deel 
van het sternocostale deel geoogst, terwijl bij een andere patiënt de 
vaatsteel werd aangesloten op de vaatsteel van de contralaterale gesteelde 
pectoralis major lap. Volledige lapnecrose trad op bij de traumapatiënt en 
werd waarschijnlijk veroorzaakt door schade aan de vaatsteel als gevolg 
van het ongeval. Alhoewel een heroperatie nodig was in verband met 
wondgenezingsstoornissen bij één van de oncologische patiënten, was de 
uiteindelijke uitkomst succesvol in alle vier. De segmentale pectoralis major 
vrije lap is een nuttige en verantwoorde aanvulling op het microchirurgische 
armamentarium voor platte of brede craniofaciale defecten. Het biedt het 
voordeel om met twee teams simultaan te kunnen opereren, waarbij tevens 
de patiënt in rugligging gepositioneerd kan blijven.

Hoofdstuk 7 bevat een epiloog en de belangrijkste conclusies van het 
proefschrift. De rol van ons onderzoek in het huidige tijdperk, waarbij de 
nadruk ligt op minimale donormorbiditeit, zoals bij de perforator lappen, 
wordt besproken. Daarnaast wordt benadrukt om te blijven streven naar 
een open multidisciplinaire benadering van hoofd-hals patiënten door 
ablatieve chirurgen én plastisch chirurgen. Tot slot worden toekomstige 
ontwikkelingen beschreven.
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Op het moment dat ik als vierdejaars student begon met mijn weten-
schappelijke stage, had ik nooit gedacht dat het tot een promotie zou 
leiden. Uiteraard hebben de afgelopen jaren meerdere mensen een bijdrage 
geleverd aan de totstandkoming van dit proefschrift.

Prof. dr. M. Kon, hooggeachte promotor. Onze eerste contacten dateren 
uit de periode waarin ik als student gedurende mijn keuze-stage in uw 
kliniek werkzaam was. U bood mij de gelegenheid te starten met het 
onderzoek dat tot dit proefschrift heeft geleid. Hiervoor, evenals voor uw 
betrokkenheid in de fase hierna, ben ik u dankbaar. Ik waardeer het in mij 
gestelde vertrouwen en de mogelijkheid die ik kreeg bij u de opleiding tot 
plastisch chirurg te kunnen volgen.

Dr. J.J. Hage, co-promotor, waarde Joris. Op deze plek wil ik je toch éénmaal 
op deze manier aanspreken. Zonder jou zou dit proefschrift er nooit zijn 
gekomen. Vanaf onze eerste ontmoeting op de Euraps in 2002, ben je 
betrokken geraakt bij dit onderzoek. Dankzij je onuitputtelijke energie en 
(af en toe prikkelende) stimulans heb ik dit proefschrift kunnen afronden. 
‘Onward and upward’ zijn jouw gevleugelde woorden en ik blijf me
verbazen over je kunst om binnen een dag te reviseren. Je bent de motor 
achter het proefschrift geweest en je begeleiding was geweldig!

Drs. P.P.A. Schellekens, beste Pascal. Toen ik als student bij je kwam, heb 
je de eerste aanzet gegeven tot dit onderzoek. Vanaf dat moment ben je 
een inspirerend voorbeeld! Ik heb enorme bewondering voor het geduld 
waarmee je opereert en het anderen probeert bij te brengen. Altijd kan ik bij 
je binnenlopen en neem je uitgebreid de tijd om zaken te bespreken. Ook 
een voordracht voorbereiden bij jou thuis in Bilthoven is geen probleem. Ik 
hoop nog veel van je te mogen leren!

Beste Willem en Simon. Vaak in één adem genoemd en al jaren een vast 
duo op de afdeling Anatomie. Nooit is iets te veel gevraagd en altijd wordt 
er creatief meegedacht om oplossingen te vinden. Hartelijk dank daarvoor. 
Eindelijk zijn jullie verlost van mijn anatomische preparaten en komt er 
weer wat plek vrij op de plank!
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Dr. R.L.A.W. Bleys, beste Ronald. Uiteindelijk begint alles bij de anatomie 
en jij weet dat als geen ander! Het is een voorrecht dat je mij vanaf mijn 
eerste studiejaar letterlijk de weg hebt gewezen binnen de anatomie van 
het menselijk lichaam. Ik ben blij dat je in de promotiecommissie hebt 
willen plaatsnemen.

Leden van de vakgroep Functionele Anatomie van het UMC Utrecht. Alle 
dissecties zouden niet mogelijk zijn geweest zonder jullie uitstekende hulp 
en medewerking! 

A. Kerst, beste Ad. Overal kwam je opdraven om de schouders van onze 
patiënten te onderwerpen aan een grondig fysiotherapeutisch onderzoek. 
Mede dankzij jou was er een grote bereidwilligheid van de patiënten om 
mee te werken!

De audiovisuele dienst van het UMC Utrecht. De mooie plaatjes en 
tekeningen in dit boekje zijn grotendeels jullie verdienste. Hiervoor hartelijk 
dank!

Geachte Dr. P.L. Oey. Dank voor het verrichten van het EMG-onderzoek.

Collega-assistenten, stafleden, secretaressen en poli-medewerkers 
van het UMC Utrecht en het St. Antonius Ziekenhuis. Dank voor de altijd 
plezierige samenwerking en jullie bijdrage aan mijn opleiding.

Prof. dr. R. Koole, Prof. dr. E. Lindeman, Prof. dr. P.M.N. Werker en
Prof. dr. N. Pallua. Dank voor de bereidheid om zitting te nemen in de 
leescommissie en de beoordeling van dit proefschrift. 

Beste Roy. Dank voor je hulp bij het opmaken van dit proefschrift.

Lieve familie, vrienden, en jaarclubgenootjes. Menigeen van jullie heeft 
de aflopen jaren de ‘schokkende’ plaatjes van mijn voordrachten mogen 
zien. Dank voor jullie vriendschap, betrokkenheid bij mijn onderzoek en 
vooral de hoognodige ontspanning.
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Mijn paranimfen. Jullie weten als geen ander dat het afronden van een 
boekje een lange weg kan zijn. Ik ben ontzettend blij dat jullie tijdens de 
verdediging naast mij staan!
Lieve Miriam, ik heb enorme bewondering voor je doorzettingsvermogen 
en het besluit om destijds nog een jaar langer door te gaan met onderzoek. 
Als jouw boekje nu ook snel klaar is, kunnen we eindelijk die ‘quatre-mains’ 
gaan oefenen!
Lieve Renate, altijd een luisterend oor, vrolijk, minstens zo nieuwsgierig als 
ik en ook zeer gedreven in alles wat je doet. Kom snel weer een hapje eten, 
dan maak ik deze keer geen vis...

Lieve papa en mama. Altijd staan jullie voor me klaar. Zonder jullie 
onvoorwaardelijke steun zou ik nooit hebben kunnen bereiken waar ik 
nu ben. Ik ben trots op jullie als mijn ouders, kan me geen betere ouders 
wensen en hoop dat jullie me nog lange tijd met raad en daad bij zullen 
staan!

Inge, Frans en Paul, lief zusje en lieve broertjes. Verspreid over Utrecht, 
Rotterdam en Amsterdam maken we alle steden onveilig. Ik hoop nog vele 
zwarte pistes met jullie te mogen afdalen!

Lieve Joris, mijn man. Dit hele project begon voordat ik jou kende, maar 
mede dankzij jou ben ik zo ver gekomen. Altijd bereid om mijn tabellen 
in de goede Excel-bestanden te plaatsen en in tijden van nood technische 
ondersteuning te geven. Ook jij weet nu het verschil tussen een ‘lap’ en 
een ‘appelflap’. Jouw niet-medische blik is vaak zeer verhelderend en 
relativerend. Maar nog belangrijker, jouw positieve instelling geeft me de 
energie om al mijn drukke activiteiten te combineren! Gewoon, omdat één 
en één meer is dan twee...

Eveline Corten
Oktober 2008
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Eveline Corten werd geboren op 27 augustus 1979 te Nijmegen. 
Na het behalen van het VWO diploma aan het Stedelijk Gymnasium te 
Nijmegen, startte zij in 1997 met de studie geneeskunde aan de Universiteit 
van Utrecht. 
Tijdens haar studie begon zij met het wetenschappelijk onderzoek op het 
gebied van de plastische chirurgie, dat tot het huidige proefschrift heeft 
geleid. Daarnaast was zij betrokken bij onderwijs als student-assistent 
anatomie. In het studiejaar 2000-2001 heeft zij fulltime deel uitgemaakt 
van het bestuur van de medische faculteitsvereniging M.S.F.U. “Sams”. 
Na het behalen van het artsexamen in 2004, werkte zij als AGNIO op de 
afdeling Plastische, Reconstructieve en Handchirurgie van het Universitair 
Medisch Centrum Utrecht. 
In januari 2005 begon zij met de vooropleiding heelkunde in het St. Elisabeth 
Ziekenhuis te Tilburg (opleider Prof. dr. C.J.H.M. van Laarhoven). 
De opleiding tot plastisch chirurg wordt gevolgd bij de divisie Plastische, 
Reconstructieve en Handchirurgie van het Universitair Medisch Centrum 
Utrecht (opleider en hoofd Prof. dr. M. Kon). Op dit moment wordt het 
perifere deel van de opleiding gevolgd bij de maatschap Plastische 
Chirurgie in het St. Antonius Ziekenhuis te Nieuwegein (opleider dr. A.B. 
Mink van der Molen). 
Eveline is getrouwd met Joris Smit.






