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Foreword First Edition

The mention of “head and neck cancer” immedi-
ately connotes the sobering realities and potentials 
of oral squamous cell carcinoma. Left to secondary 
recollection and awareness is the significance of 
salivary gland malignancy. The same can be said 
for the general perception of benign salivary neo-
plasia. In this brilliant new textbook, authors 
Carlson and Ord correct these notions, focusing 
proper emphasis on the group of diseases which, 
in their malignant form, represent some three per-
cent of all North American head and neck tumors, 
affecting a minimum of 2500 victims per year.

One marvels at the dedication, energies, and 
resources – to say nothing of the expertise – mus-
tered to produce a volume of this depth and 
expanse. While almost forty percent of the effort is 
directed toward the vitally significant elements of 
classification, diagnosis, and clinical care of neo-
plasia, there is more – much more – here, for both 
the training and practicing readerships. The whole 
array of salivary gland dysfunctions is marvelously 
displayed in meaningful clinical color, in easily 
grasped sketches and graphs, and in well‐chosen 
descriptive imaging. From the mandatory funda-
ments for such an undertaking – John Langdon’s 
discourse on macro‐ and microanatomy, Pradeep 
Jacob’s presentation on imaging diagnostics (45 
pages!), John Sauk’s explanations of current clas-
sification and staging of tumors – to the surgical 
demonstrations of pathology, anatomy, and tech-
nique, the visual material is extraordinary.

What are the vagaries in defining the SMAS 
layer, can cell type be distinguished on the basis of 
imaging alone, what influence do genomics and 
biomarkers have in clinical classification, does 
contemporary understanding explain the etiology 
of mucous escape phenomena? Up‐to‐date 
 propositions on such topics occupy these chapters. 
Clinical challenges, traditional and new, e.g., tran-
section of ducts and nerves, intraductal microman-
ipulations, salivary diagnostics – they’re all here, 
presented in clear, expansive, prose (28 pages of 
information on sialolithiasis alone!). The detri-
ments of age and metabolic disorder on gland 

function, the genesis of non‐salivary tumors inside 
the glands, and the lodging of metastatic disease 
within their confines receive emphasis in these 
pages. So do the presence of aberrant glands and 
the esoteric transplantation of salivary tissue in the 
management of xerophthalmia.

The Textbook and Color Atlas of Salivary 
Gland Pathology is authoritative. Its authors do not 
write anecdotally, but from the combined experi-
ence of decades which has elevated them both to 
international recognition in the field of head and 
neck neoplasia. Their clinical material here pre-
sented represents volumes in the operating room, 
and the comprehensive bibliographies in each of 
the text’s chapters testify to the authors’ awareness 
of their topic and their world‐views. Eric Carlson 
displays the fruits of his earlier endeavors in 
Pittsburgh, Detroit, and Miami, and speaks now 
from his position as Professor and Chairman in the 
Department of Oral and Maxillofacial Surgery at 
the University of Tennessee Graduate School of 
Medicine in Knoxville. Robert Ord established his 
worthy reputation in Britain before resettling him-
self in Baltimore on the western shores of the 
Atlantic some 20 years ago, where he now serves 
as Professor and Chairman of the Department of 
Oral and Maxillofacial Surgery at the University of 
Maryland. Theirs is the first time in this domain 
engineered authoritatively by oral and maxillofa-
cial surgeons, and does honor to their colleagues 
and forebears in the specialty who have toiled in 
the vineyards of salivary gland pathology. Neither 
in design nor execution, however, is their marve-
lous achievement directed to a parochial audience. 
Rather, surgeons or clinicians of whatever ilk will 
offer the authors a nod of appreciation in benefit-
ting from this text.

Probably, one day, an expansion of this work 
will be written; and, undoubtedly, Carlson and Ord 
will write it.

R. Bruce MacIntosh, DDS
Detroit

June 2008





xi

Foreword Second Edition

Casual students of surgery of pathology might be 
inclined to ask what can possibly have transpired 
over the past seven years to warrant a new edition 
of a text concerning salivary gland dysfunction 
only first published in 2008. The prevalence of sali-
vary gland neoplasia in comparison to other oral 
tumors is very small, and to whole body cancer 
even smaller; significant trauma to the glands 
ranks low in incidence compared to the rest of 
maxillofacial injuries; no one dies from inflamma-
tory or immune disease of the glands; don’t these 
facts mitigate against the need for a new textbook 
on the salivary glands every few years?

Quite the contrary! Because the 2008 Carlson‐
Ord volume was one of the very few works – and 
certainly the most comprehensive  – dedicated 
solely to their topic, it is almost mandatory that it 
be reviewed and up‐dated on a regular basis to pro-
vide clinicians and educators an authoritative 
repository of new information in this specialized 
field of interest.

And, indeed, there is new information! The 
complexity, variety, and heterogeneity in the ori-
gins of salivary gland tumors (as discussed in the 
new Chapter 8) makes these lesions an ideal study 
group for the development of all malignant neopla-
sia; they give credence to the notion that all dis-
ease, particularly malignant, is ultimately 
individualized and not to be boxed into currently 
recognized classifications. Senior readers will well 
remember the teaching axiom that salivary gland 
malignancies are impervious to radiation therapy; 
this new edition’s Chapter 12 effectively disassem-
bles that contention. Concurrently with the bur-
geoning understanding of cellular pathology at the 
subcellular and molecular levels, the concept of 
systemic chemotherapy, even targeted therapy, for 

salivary gland cancers has demanded re‐evaluation 
over the past decade; this is illuminated in the new 
Chapter  13. Further, the authors have combined 
their first‐hand knowledge with a compilation of 
all pertinent literature to offer a unique assembly 
of pediatric salivary gland pathology in Chapter 15, 
another addition.

While new knowledge – most excitingly pro-
vided in Chapters 8, 12, and 13 – and updated bib-
liographies, sketches, highlighted algorithms, and 
investigational studies are features of the new text, 
the focus of these elements and the overall empha-
sis of the work remains the surgical treatment of 
patients. Illustrative surgeries from the first edition 
have been retained, and new cases added to dem-
onstrate principles and additional techniques. 
Management of the more common salivary tumors, 
injuries, and infections is well exhibited, but room 
is provided for illustration of rarer entities (Primary 
desmoid melanoma of the parotid?! Central (osse-
ous) mucoepidermoid carcinoma of the mandibu-
lar ramus?!). Mundane or rare, the range of these 
maladies, plus the scope and depth of their demon-
strated knowledge, attest to the broad experiences 
of Carlson and Ord in the field of salivary gland 
abnormality, and deservedly position them in the 
upper echelons of American salivary gland 
surgeons.

One could anticipate in 2008 that Carlson‐Ord 
would recognize the abiding need for pertinence 
and currency in their text; indeed, they have and 
have delivered again.

Robert Bruce MacIntosh, DDS
Department of Oral and Maxillofacial Surgery, 

University of Detroit Mercy School of Dentistry, 
Detroit, MI, USA
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Foreword Third Edition

What defines dedication if not the willing contribu-
tion of countless hours, huge blocks of energy, and 
outpouring of intellect and meaningful experience 
to construct a landmark scientific text? Indeed, these 
were the elements that Eric Carlson and Robert Ord 
mobilized in 2008  in introducing to the surgical 
world their first – now landmark – textbook on sali-
vary gland pathology and treatment. Their dedica-
tion to the topic was intense – they had elevated it 
to the level of subspecialty – and the volume’s suc-
cess prompted an updated second edition in 2016. 
Now, with Carlson‐Ord‐III, they have answered the 
continuing demand and  – because of progress 
within the discipline – the need, for integration of 
previous writing with new information in the field.

To be a good scientific writer, an author must 
first be a good teacher, ready to anticipate uncer-
tainties, confusion, or missed emphasis in the 
minds of his less‐initiated readers, but also ready 
to anticipate the worthy critique of an experienced 
colleague. Both Carlson and Ord have easily 
answered this requirement, not only in their dec-
ades‐long responsibilities in the resident education 
milieu but in countless lecture engagements, con-
ferences, and surgical activities worldwide. Their 
word on the topic of salivary gland maladies is 
authority, and it is effectively transmitted both in 
the operating room and from the podium.

Some say today that a textbook is passé, that 
what is important in the literature can be much 
more efficiently harvested through one’s fingertips 
on a computer. The good textbook is bifocal, how-
ever: It must be a lightning rod for all that is new 
and exciting at the time of printing, but also an 
entombed repository of everything pertinent that 
has been recorded up to that date. To honor the 
functions, the authors have labored diligently to 
review and update the bibliographies of the texted 
materials, including pertinent meta‐analyses of 
earlier literature, and inserting more descriptive 
visuals of earlier material where appropriate. New 
features of this Third Edition include greater than 
100 new full‐color images, illustrated case presen-
tations to demonstrate important clinical situa-
tions, and new chapters on minimally invasive 
surgery and the complications of surgery in the 

field. The roster of contributing faculty now num-
bers 14. With this detailed review and revision, the 
new edition provides an edited compilation of sali-
vary gland pathology not readily recoverable 
through journal review, regardless how efficient.

From the perspective of 50+ years of naviga-
tion in the ablative and reconstructive precincts of 
oral and maxillofacial surgery, one can safely relate 
today’s circumstances to those of “back when”. In 
the earlier decades of the last half‐century, imaging 
diagnosis of salivary gland disease depended 
chiefly on plain radiography and contrast sialogra-
phy; microscopic diagnosis was dependent on the 
accommodation of a tumor to one of perhaps a 
dozen epithelial variants; chemotherapy protocols 
were essentially adaptions of those used for man-
agement of squamous cell carcinoma; salivary car-
cinoma was thought impervious to radiation 
therapy; surgical management of salivary malig-
nancy fell almost exclusively to those few otolaryn-
gologists, general surgeons, or, more infrequently, 
oral and maxillofacial surgeons, with special inter-
ests in treating these relatively uncommon lesions.

Immense progress in understanding the patho-
physiology of salivary gland disease in later years has 
delivered incredibly complicated microscopic classifi-
cations and more precisely directed chemical treat-
ment protocols, and over the past two decades, the 
earlier assumption that salivary gland disease was 
impervious to radiation therapy has been demol-
ished. This improved understanding of salivary gland 
biology has brought in train the need for increasingly 
well‐founded and sophisticated care within all inter-
ested surgical groups; Dr. Carlson in Knoxville, and 
Dr. Ord in Baltimore have answered this call with 
their surgical expertise and recognized educational 
efforts in oral and maxillofacial surgical training.

With this Third Edition, the authors have 
ensured their volume’s position in the lexicon of 
surgical texts, a metric against which all future 
efforts will be scaled.

Robert Bruce MacIntosh, DDS
Department of Oral and Maxillofacial Surgery, 

University of Detroit Mercy School of Dentistry, 
Detroit, MI, USA
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Preface First Edition

The concept of this book devoted to the diagnosis 
and management of salivary gland pathology arose 
from our longstanding friendship and professional 
relationship where we first collaborated in the 
early 1990s. This led to a trip to India with the 
Health Volunteers Overseas in 1996, where we 
operated numerous complex cancer cases, includ-
ing many salivary gland malignancies. Dr. Carlson’s 
interest in benign and malignant tumor surgery 
was fostered by the expert surgical tutelage of Dr. 
Robert E. Marx at the University of Miami Miller 
School of Medicine/Jackson Memorial Hospital in 
Miami, Florida. It was the training by Professor 
John Langdon who nurtured Dr. Ord’s love of the 
parotidectomy. Over the years, following the publi-
cation of several papers and book chapters devoted 
to salivary gland surgery, we realized that a text-
book and atlas related to this discipline should be 
produced. It was believed that a work written by 
two surgeons who shared similar surgical philoso-
phies would be a unique addition to the current 
literature. This has been a project that we have 
approached with energy and enthusiasm which 
hopefully is evident to the reader.

The diagnosis and management of salivary 
gland pathology are an exciting and thought pro-
voking discipline in medicine, dentistry, and sur-
gery. It is incumbent on the clinician examining a 
patient with a suspected developmental, neoplas-
tic, or non‐neoplastic lesion of the major or minor 

salivary glands to obtain a comprehensive history 
and physical examination, after which time a dif-
ferential diagnosis is established. A definitive diag-
nosis is provided with either an excisional or 
incisional biopsy depending on the gland involved 
and the differential diagnosis established preopera-
tively. A complete understanding of the anatomic 
barriers surrounding a salivary gland lesion is par-
amount when performing surgery for a salivary 
gland neoplasm.

It is the purpose of this Textbook and Color 
Atlas of Salivary Gland Pathology to provide both 
text and clinical images, thereby making this a sin-
gular work. The reader interested in the science 
and evidence based medicine associated with the 
management of salivary gland pathology will be 
attracted to our text. The reader interested in how 
to perform salivary gland surgery as a function of 
diagnosis and anatomic site will find the real‐time 
images useful. To that end, artist sketches are lim-
ited in this book. Where appropriate, algorithms 
have been included as a guide for diagnosis and 
management. It is our hope that this text and atlas 
will find a home on the bookshelves of those sur-
geons who share our fascination with the diagno-
sis and management of salivary gland disease.

Eric R. Carlson, DMD, MD, FACS
Robert A. Ord, DDS, MD, FRCS, FACS, MS
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In 2008, we published our first work entitled 
Textbook and Color Atlas of Salivary Gland 
Pathology – Diagnosis and Management. In prepa-
ration for the development and publication of the 
second edition of this book, several issues became 
apparent that resulted in changes and additions to 
our first edition. The first change is the title. We 
selected Salivary Gland Pathology – Diagnosis and 
Management due to the inherent and obvious text-
book nature of this work. In addition, our reader-
ship is aware that our teaching mission involves 
the use of high quality color images to illustrate 
the cases included in each chapter and to guide the 
reader through the workup and execution of the 
medical and surgical management of salivary gland 
pathology. The title was shortened accordingly. All 
chapters have been updated in terms of references 
and the addition of new cases to illustrate impor-
tant points within each chapter. This includes 
Chapter 7, Classification, Grading, and Staging of 
Salivary Gland Tumors, where histomicrographs of 
most of the benign and malignant salivary gland 
neoplasms are now illustrated in the chapter. In 

keeping with our expanding knowledge base of the 
diagnosis and management of salivary gland 
pathology, we have included four new chapters in 
this second edition, including those devoted to the 
molecular biology of benign and malignant sali-
vary gland tumors, radiation therapy for salivary 
gland tumors, systemic therapy for salivary gland 
cancer, and pediatric salivary gland pathology. 
Four new authors have been added including Drs. 
Joseph Kelley, J. Michael McCoy, Janakiraman 
Subramanian, and Randy Todd. Where appropri-
ate, algorithms have been included in the chapters 
to assist in decision making processes associated 
with the management of salivary gland pathology.

As with the first edition of this textbook, it is 
our expressed purpose to make this second edition 
a singular work with extensive text and clinical 
images. It is our hope that this textbook will pro-
vide a useful update to our international colleagues 
who benefited from the first edition.

Eric R. Carlson, DMD, MD, FACS
Robert A. Ord, DDS, MD, FRCS, FACS, MS, MBA

Preface Second Edition
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Preface Third Edition

We enthusiastically present the third edition of 
Salivary Gland Pathology  – Diagnosis and 
Management to practitioners and trainees, surgeons 
and pathologists, and clinicians and scientists alike. 
The World Health Organization’s updated classifi-
cation of head and neck tumors in 2017, including 
that of salivary gland tumors, is a reminder to the 
reader of the ephemeral nature of salivary gland 
pathology as well as the inherent need to frequently 
update our knowledge base. Therein, this third edi-
tion of our tome exploits the new information avail-
able regarding the taxonomy of salivary gland 
tumors as well as new neoplastic and non‐neoplas-
tic entities, image guided biopsies of salivary gland 
lesions, minimally invasive surgery to address these 
entities, and the complications encountered in tra-
ditional and nontraditional forms of salivary gland 
surgery. To this end, we introduce two new chap-
ters and five new authors. Professor Mark McGurk 
of the United Kingdom requires no introduction as 
his contributions to oral and maxillofacial surgery, 
and especially salivary gland surgery, are extensive, 
innovative, highly meaningful, and transforma-
tional. Dr. Katherine George teamed up with 
Professor McGurk to review their experiences with 
innovative salivary gland surgery, including diag-
nostic and therapeutic sialendoscopy. Dr. Michael 
Turner of New York City is also an accomplished 
salivary gland surgeon and lends his expertise in 
the management of complications to our textbook. 
Dr. Laura Kujtan joins Dr. Subramanian in their 
update of chemotherapy and targeted therapy for 
salivary gland malignancies. Finally, Dr. Ofori col-
laborated with Dr. Joseph Kelley in their scholarly 
review of radiation therapy in the management of 
salivary gland tumors.

The practice of twenty‐first century medicine 
and surgery exists within a data‐driven world. To 
that end, all chapters are updated in terms of new 
references and many meta‐analyses/systematic 
reviews are reviewed in the spirit of supporting evi-
dence‐based practice. New cases have been added 
to most chapters to illustrate important points. 
Algorithms continue to be offered to assist clini-
cians in decision‐making processes associated with 
the management of salivary gland pathology. Most 

chapters also contain a new teaching element  – 
case presentations that serve to illustrate and rein-
force essential take‐home messages either suggested 
or emphasized in their respective chapters. Finally, 
videos of salivary gland surgical procedures are 
included in the chapter devoted to innovative sali-
vary gland surgery in this third edition.

As with the first and second editions of this 
textbook, it is our expressed purpose to brand this 
third edition a singular reference with extensive 
text and clinical images. It is our hope that this 
textbook will provide a useful update to our inter-
national colleagues and their patients who bene-
fited from the prior editions.

Eric R. Carlson, DMD, MD, EdM, FACS

Robert A. Ord, BDS, MB BCh (Hons),  
FRCS, FACS, MS, MBA
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Introduction

There are three pairs of major salivary glands con-
sisting of the parotid, submandibular, and sublin-
gual glands. In addition, there are numerous minor 
glands distributed throughout the oral cavity 
within the mucosa and submucosa.

On average, about 1.5 l of saliva are produced 
each day but the rate varies throughout the day. At 
rest, about 0.3 ml/min is produced but this rises to 
2.0 ml/min with stimulation. The contribution 
from each gland also varies. At rest, the parotid 
produces 20%, the submandibular gland 65%, and 
the sublingual and minor glands 15%. On stimula-
tion, the parotid secretion rises to 50%. The nature 
of the secretion also varies from gland to gland. 
Parotid secretions are almost exclusively serous, 
the submandibular secretions are mixed, and the 
sublingual and minor gland secretions are predom-
inantly mucinous.

Saliva is essential for mucosal lubrication, 
speech, and swallowing. It also performs an essen-
tial buffering role that influences demineralization of 
teeth as part of the carious process. When there is a 
marked deficiency in saliva production, xerostomia, 
rampant caries, and destructive periodontal disease 
ensues. Various digestive enzymes  –  salivary 
 amylase – and antimicrobial agents – IgA, lysozyme, 
and lactoferrin – are also secreted with the saliva.

Surgical Anatomy, Embryology, 
and Physiology of the Salivary Glands
John D. Langdon, FKC, MB BS, BDS, MDS, FDSRCS, FRCS, FMedSci
Emeritus Professor of Maxillofacial Surgery King’s College London, England
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2 Chapter 1

Parotid Gland

EMBRYOLOGY

The parotid glands develop as a thickening of the 
epithelium in the cheek of the oral cavity in the 
15 mm Crown Rump length embryo (sixth week of 
intrauterine life) (Zhang et al. 2010; Berta et al. 2013; 
Chadi et  al. 2017). This thickening extends back-
ward toward the ear in a plane superficial to the 
developing facial nerve. The deep aspect of the 
developing parotid gland produces bud‐like projec-
tions between the branches of the facial nerve in the 
third month of intrauterine life. These projections 
then merge to form the deep lobe of the parotid 
gland. By the sixth month of intrauterine life, the 
gland is completely canalized. Although not embry-
ologically a bilobed structure, the parotid comes to 
form a larger (80%) superficial lobe and a smaller 
(20%) deep lobe joined by an isthmus between the 
two major divisions of the facial nerve. The branches 
of the nerve lie between these lobes invested in 
loose connective tissue. This observation is vital in 
the understanding of the anatomy of the facial nerve 
and surgery in this region (Berkovitz et al. 2003).

ANATOMY

The parotid is the largest of the major salivary 
glands. It is a compound, tubuloacinar, merocrine, 
exocrine gland. In the adult, the gland is composed 
entirely of serous acini.

The gland is situated in the space between 
the posterior border of the mandibular ramus and 
the mastoid process of the temporal bone. The 

external acoustic meatus and the glenoid fossa lie 
above together with the zygomatic process of the 
temporal bone (Figure 1.1). On its deep (medial) 
aspect lies the styloid process of the temporal bone. 
Inferiorly, the parotid frequently overlaps the angle 
of the mandible and its deep surface overlies the 
transverse process of the atlas vertebra.

The shape of the parotid gland is variable. 
Often it is triangular with the apex directed inferi-
orly. However, on occasion, it is essentially of even 
width and occasionally it is triangular with the 
apex superiorly. On average, the gland is 6 cm in 
length with a maximum of 3.3 cm in width. In 20% 
of subjects, a smaller accessory lobe arises from 
the upper border of the parotid duct approximately 
6 mm in front of the main gland. This accessory 
lobe overlies the zygomatic arch.

The gland is surrounded by a fibrous capsule 
previously thought to be formed from the investing 
layer of deep cervical fascia. This fascia passes up 
from the neck and was thought to split to enclose the 
gland. The deep layer is attached to the mandible 
and the temporal bone at the tympanic plate and 
styloid and mastoid processes (McMinn et al. 1984; 
Berkovitz and Moxham 1988; Williams 1995; Ellis 
1997). Recent investigations suggest that the superfi-
cial layer of the parotid capsule is not formed in this 
way, but is part of the superficial musculo‐aponeu-
rotic system (SMAS) (Mitz and Peyronie 1976; Jost 
and Levet 1983; Wassef 1987; Thaller et  al. 1989; 
Zigiotti et  al. 1991; Gosain et  al. 1993; Flatau and 
Mills 1995). Anteriorly, the superficial layer of the 
parotid capsule is thick and fibrous but more poste-
riorly it becomes a thin translucent membrane. 
Within this fascia are scant muscle fibers running 
parallel with those of the platysma. This superficial 
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Figure 1.1. A lateral view of the skull 
showing some of the bony features 
related to the bed of the parotid  
gland. Source: Published with permis-
sion, Martin Dunitz, London, Langdon 
JD, Berkowitz BKB, Moxham BJ,  
editors, Surgical Anatomy of the 
Infratemporal Fossa. DOI: 10.1002/ 
9781118949139.ch1.
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layer of the parotid capsule appears to be continuous 
with the fascia overlying the platysma muscle. 
Anteriorly it forms a separate layer overlying the 
masseteric fascia which is itself an extension of 
the  deep cervical fascia. The peripheral branches 
of the facial nerve and the parotid duct lie within a 
loose cellular layer between these two sheets of fas-
cia. This observation is important in parotid surgery. 
When operating on the parotid gland, the skin flap 
can either be raised in the subcutaneous fat layer or 
deep to the SMAS layer. The SMAS layer itself can 
be mobilized as a separate flap and can be used to 
mask the cosmetic defect following parotidectomy 
by reattaching it firmly to the anterior border of the 
sternocleidomastoid muscle as an advancement flap 
(Meningaud et al. 2006).

The parotid capsule develops relatively late 
after the lymphoid tissue develops within the mes-
enchyme of the gland (Goldenberg et al. 2000). For 

this reason, the lymph nodes associated with the 
parotid gland are intraglandular as opposed to the 
extraglandular lymph nodes associated with the sub-
mandibular and sublingual salivary glands, in which 
the capsule forms earlier in their development.

Where the deep aspect of the superficial lobe 
overlies branches of the facial nerve, the capsule 
becomes very thin or even nonexistent, resulting in aci-
nar tissue lying in direct contact with the nerve fibers.

The superior border of the parotid gland (usu-
ally the base of the triangle) is closely molded 
around the external acoustic meatus and the tem-
poromandibular joint. An avascular plane exists 
between the gland capsule and the cartilaginous 
and bony acoustic meatus (Figure 1.2). The infe-
rior border (usually the apex) is at the angle of the 
mandible and often extends beyond this to overlap 
the digastric triangle where it may lie very close to 
the posterior pole of the submandibular salivary 
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mission, Martin Dunitz, London, Langdon JD, 
Berkowitz BKB, Moxham BJ, editors, Surgical 
Anatomy of the Infratemporal Fossa. DOI: 
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gland. The anterior border just overlaps the poste-
rior border of the masseter muscle and the poste-
rior border overlaps the anterior border of the 
sternocleidomastoid muscle.

The superficial surface of the gland is covered 
by skin and platysma muscle. Some terminal 
branches of the great auricular nerve also lie super-
ficial to the gland. At the superior border of the 
parotid, lie the superficial temporal vessels with 
the artery in front of the vein. The auriculotempo-
ral branch of the mandibular nerve runs at a deeper 
level just behind the superficial temporal vessels.

The branches of the facial nerve emerge from 
the anterior border of the gland. The parotid duct 
also emerges to run horizontally across the mas-
seter muscle before piercing the buccinator muscle 
anteriorly to end at the parotid papilla. The trans-
verse facial artery (a branch of the superficial tem-
poral artery) runs across the area parallel to and 
approximately 1 cm above the parotid duct. The 
anterior and posterior branches of the facial vein 
emerge from the inferior border.

The deep (medial) surface of the parotid 
gland lies on those structures forming the parotid 
bed. Anteriorly the gland lies over the masseter 
muscle and the posterior border of the mandibular 
ramus from the angle up to the condyle. As the 
gland wraps itself around the ramus, it is related to 
the medial pterygoid muscle at its insertion on to 

the deep aspect of the angle. More posteriorly, the 
parotid is molded around the  styloid process and 
the styloglossus, stylohyoid, and stylopharyngeus 
muscles from below upwards. Behind this, the 
parotid lies on the posterior belly of the digastric 
muscle and the  sternocleidomastoid muscle. The 
digastric and the styloid muscles separate the 
gland from the underlying internal jugular vein, 
the external and internal carotid arteries and the 
glossopharyngeal, vagus, accessory, and hypoglos-
sal nerves and the  sympathetic trunk.

The fascia that covers the muscles in the 
parotid bed thickens to form two named ligaments 
(Figure 1.3). The stylomandibular ligament passes 
from the styloid process to the angle of the mandi-
ble. The mandibulo‐stylohyoid ligament (the 
 angular tract) passes between the angle of the 
mandible and the stylohyoid ligament. Inferiorly, it 
usually extends down to the hyoid bone. These 
ligaments are all that separates the parotid gland 
anteriorly from the posterior pole of the superficial 
lobe of the submandibular gland.

CONTENTS OF THE PAROTID GLAND

Facial Nerve
From superficial to deep, the facial nerve, the 
auriculotemporal nerve, the retromandibular vein, 

Masseter muscle

Stylomandibular
ligament

Styloid process

Lateral pterygoid
muscle Medial pterygoid

muscle Superior pharyngeal
constrictor muscle

Stylopharyngeus
muscle

Middle pharyngeal 
constrictor muscle

Inferior pharyngeal
constrictor muscle

Mandibulo-stylohyoid
ligament

Posterior border
of ramus

Facial vein and artery

Submandibular gland

Figure 1.3. The mandibulo‐stylohyoid 
ligament. 
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and the external carotid artery pass through the 
substance of the parotid gland.

The facial nerve exits the skull base at the 
stylomastoid foramen. The surgical landmarks 
are important (Figure 1.4). To expose the trunk of 
the facial nerve at the stylomastoid foramen, the 
dissection passes down the avascular plane 
between the parotid gland and the external acous-
tic canal until the junction of the cartilaginous and 
bony canals is palpated. A small triangular exten-
sion of the cartilage points toward the facial nerve 
as it exits the foramen (Langdon 1998b). This is 
the so‐called tragal pointer. The main trunk of the 
nerve lies approximately 13.6 mm from this land-
mark but there is considerable variation (Ji et al. 
2018). The nerve lies about 9 mm from the posterior 
belly of the digastric muscle where the digastric 
passes deep to the sternocleidomastoid muscle, and 
11 mm from the bony external meatus (Holt 1996). 
The facial nerve then passes downwards and 
 forwards over the styloid process and associated 
muscles for about 1.3 cm before entering the sub-
stance of the parotid gland (Hawthorn and Flatau 
1990). The first part of the facial nerve gives off the 
posterior auricular nerve supplying the auricular 
muscles and also branches to the posterior belly of 
the digastric and stylohyoid muscles.

On entering the parotid gland, the facial nerve 
divides into two divisions, temporofacial and cervico-
facial the former being the larger. The division of the 
facial nerve is sometimes called the pes anserinus 

due to its resemblance to the foot of a goose. From 
the temporofacial and cervicofacial divisions, the 
facial nerve gives rise to five named branches – tem-
poral, zygomatic, buccal, mandibular, and cervical 
(Figure  1.5). The peripheral branches of the facial 
nerve form variable anastomotic arcades between 
adjacent branches to form the parotid plexus. These 
anastomoses are important during facial nerve dis-
section as accidental damage to a small branch often 
fails to result in any facial weakness due to dual 
innervation from adjacent branches. Davis et  al. 
(1956) studied these patterns following the  dissection 
of 350 facial nerves in cadavers. The anastomotic 
relationships between adjacent branches fell into six 
patterns (Figure 1.6). They showed that in only 6% 
of cases (type VI) is there any anastomosis between 
the mandibular branch and adjacent branches. This 
explains why, when  transient facial weakness follows 
facial nerve dissection, it is usually the mandibular 
branch that is affected.

Auriculotemporal Nerve
The auriculotemporal nerve arises from the poste-
rior division of the mandibular division of the 
trigeminal nerve in the infratemporal fossa. It runs 
backward beneath the lateral pterygoid muscle 
between the medial aspect of the condylar neck 
and the sphenomandibular ligament. It enters the 
anteromedial surface of the parotid gland passing 
upwards and outwards to emerge at the superior 

Parotid gland

Sternocleidomastoid
muscle (SCM)

Posterior belly of
digastric muscle
(PBDM)

Styloid process
(palpable through above lying

 parotid tissue)

Tip of the mastoid
process

Measurements
to root of facial
nerve:

• 3 cm from skin to root
• 4 mm from junction of 
  SCM and PBDM
  to root

Anterior border of
masseter muscle

Pointer cartilage

3cm

4mm4mm

Figure 1.4. Anatomical landmarks of the 
extratemporal facial nerve. 
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border of the gland between the temporomandibu-
lar joint and the external acoustic meatus. This 
nerve communicates widely with the temporofa-
cial division of the facial nerve and limits the 
mobility of the facial nerve during surgery (Flatau 
and Mills 1995). Further communications with the 
temporal and zygomatic branches loop around the 
transverse facial and superficial temporal vessels 
(Bernstein and Nelson 1984).

Retromandibular Vein
The vein is formed within the parotid gland by the 
union of the superficial temporal vein and the 
maxillary vein. The retromandibular vein passes 
downwards and close to the lower pole of the 
parotid where it often divides into two branches 
passing out of the gland. The posterior branch 
passes backward to unite with the posterior auric-
ular vein on the surface of the sternocleidomastoid 
muscle to form the external jugular vein. The ante-
rior branch passes forward to join the facial vein.

The retromandibular vein is an important 
landmark during parotid gland surgery. The divi-
sion of the facial nerve into its temporofacial and 
cervicofacial divisions occurs just behind the retro-
mandibular vein (Figure 1.7). The two divisions lie 
just superficial to the vein in contact with it. It is 
all too easy to tear the vein while exposing the 
division of the facial nerve!
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Figure 1.6. The branching patterns of the facial nerve. Source: Berkovitz et al. 2003/Taylor & Francis. 
 I Type I, 13% V Type V, 9% 3 Buccal branch 
 II Type II, 20% VI Type VI, 6% 4 Mandibular branch 
 III Type III, 28% 1 Temporal branch 5 Cervical branch 
 IV Type IV, 24% 2 Zygomatic branch

Figure 1.5. Clinical photograph of dissected facial nerve 
following superficial parotidectomy. Source: Published with 
permission, Martin Dunitz, London, Langdon JD, Berkowitz 
BKB, Moxham BJ, editors, Surgical Anatomy of the 
Infratemporal Fossa. DOI: 10.1002/9781118949139.ch1.
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Figure 1.7. The facial nerve and its relationship to the retromandibular vein within the parotid gland. Source: Published 
with permission, Martin Dunitz, London, Langdon JD, Berkowitz BKB, Moxham BJ, editors, Surgical Anatomy of the 
Infratemporal Fossa. DOI: 10.1002/9781118949139.ch1.

 1 Facial nerve at stylomastoid foramen
 2 Temporofacial branch of facial nerve
 3 Cervicofacial branch of facial nerve
 4 Temporal branch of facial nerve
 5 Zygomatic branch of facial nerve
 6 Buccal branch of facial nerve
 7 Mandibular branch of facial nerve
 8 Cervical branch of facial nerve
 9 Posterior belly of the digastric muscle
 10 Retromandibular vein and external carotid artery
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External Carotid Artery
The external carotid artery runs deeply within the 
parotid gland. It appears from behind the posterior 
belly of the digastric muscle and grooves the 
parotid before entering it. It gives off the posterior 
auricular artery before ascending and dividing into 
its terminal branches, the superficial temporal and 
maxillary arteries at the level of the condyle. The 
superficial temporal artery continues vertically to 
emerge at the superior border of the gland and 
crosses the zygomatic arch. Within the substance 
of the parotid, it gives off the transverse facial 
artery which emerges at the anterior border of the 
gland to run across the face above the parotid duct. 
The maxillary artery emerges from the deep aspect 
of the gland anteriorly to enter the infratemporal 
fossa. The maxillary artery gives off the deep 
auricular artery and the anterior tympanic artery 
within the substance of the parotid. All these 
branches from the external carotid also give off 
numerous small branches within the parotid to 
supply the gland itself.

Parotid Lymph Nodes
Lymph nodes are found within the subcutaneous 
tissues overlying the parotid to form the preauricu-
lar nodes and also within the substance of the 
gland (Goldenberg et al. 2000). There are typically 
10 nodes within the substance of the gland, the 
majority being within the superficial lobe and 
therefore superficial to the plane of the facial nerve. 
Only one or two nodes lie within the deep lobe 
(Marks 1984; McKean et al. 1984; Garatea‐Crelgo 
et al. 1993). All the parotid nodes drain into the 
upper deep cervical chain.

Parotid Duct
The parotid duct emerges from the anterior border 
of the parotid gland and passes horizontally across 
the masseter muscle. The surface markings of the 
duct are obtained by drawing a line from the mid‐
point of the tragal cartilage to the middle of a 
straight line from the ipsilateral ala to the commis-
sure (Figure  1.8). This line is divided into three 
equal parts and the middle section corresponds to 
the position of the parotid duct. The duct lies 
approximately 1 cm below the transverse facial 
vessels. The accessory lobe of the parotid gland, 
when present, drains into its upper border via one 
or two tributaries (Kulkarni et  al. 2011). 
Anastomosing branches between the buccal and 

zygomatic branches of the facial nerve cross the 
duct. At the anterior border of the masseter, the 
duct bends sharply to perforate the buccal pad of 
fat and the buccinator muscle at the level of the 
upper molar teeth. The duct then bends again to 
pass forward for a short distance before entering 
the oral cavity at the parotid papilla.

Nerve Supply to the Parotid
The parasympathetic secretomotor nerve supply 
comes from the inferior salivatory nucleus in the 
brain stem (Figure 1.9). From there, the fibers run 
in the tympanic branch of the glossopharyngeal 
nerve contributing to the tympanic plexus in the 
middle ear. The lesser petrosal nerve arises from the 
tympanic plexus leaving the middle ear and run-
ning in a groove on the petrous temporal bone in 
the middle cranial fossa. From here, it exits through 
the foramen ovale to the otic ganglion which lies on 
the medial aspect of the mandibular branch of the 
trigeminal nerve. Postsynaptic postganglionic fibers 
leave the ganglion to join the auriculotemporal 
nerve which distributes the parasympathetic 
secretomotor fibers throughout the parotid gland. 
Some authorities suggest that there are also some 
parasympathetic innervations to the parotid from 
the chorda tympani branch of the facial nerve.

The sympathetic nerve supply to the parotid 
arises from the superior cervical sympathetic 
 ganglion. The sympathetic fibers reach the gland 

Figure 1.8. The surface markings for the location of the 
parotid duct. 
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via the plexus around the middle meningeal artery. 
They then pass through the otic ganglion without 
synapsing and innervate the gland through the 
auriculotemporal nerve. There is also sympathetic 
innervation to the gland arising from the plexuses 
that accompany the blood vessels supplying the 
gland.

Sensory fibers arising from the connective tis-
sue within the parotid gland merge into the auricu-
lotemporal nerve and pass proximally through the 
otic ganglion without synapsing. From there, the 
fibers join the mandibular division of the  trigeminal 
nerve. The sensory innervation of the parotid cap-
sule is via the great auricular nerve.

Submandibular Gland

EMBRYOLOGY

The submandibular gland begins to form at the 
13 mm stage in the seventh week of intrauterine 
life (Zhang et al. 2010; Berta et al. 2013; Chadi et al. 
2017) as an epithelial outgrowth into the mesen-
chyme forming the floor of the mouth in the lin-
guogingival groove. This proliferates rapidly giving 
off numerous branching processes which eventu-
ally develop lumina. Initially, the developing gland 
opens into the floor of the mouth posteriorly, 
 lateral to the tongue. The walls of the groove into 
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which it drains come together to form the subman-
dibular duct. This process commences posteriorly 
and moves forwards so that ultimately the orifice 
of the duct comes to lie anteriorly below the tip of 
the tongue close to the midline.

ANATOMY

The submandibular gland consists of a larger 
superficial lobe lying within the digastric triangle 
in the neck and a smaller deep lobe lying within 
the floor of the mouth posteriorly (Figure  1.10). 

Submandibular gland,
superficial lobe

(a)

(b)

(c)

Mylohyoid muscle
(raphe)

Mylohyoid muscle

Facial vein

Wharton duct

Submandibular gland,
deep lobe

Submandibular gland,
deep lobe

Tongue

Submandibular gland,
superficial lobe

Anterior belly of
digastric muscle

Anterior belly of
digastric muscle

Platysma muscle

Figure 1.10. The relationship of the superficial and deep lobes of the submandibular gland. (a) cross‐sectional anatomy. 
(b) The superficial lobe from outside. (c) The relationship of the deep and superficial lobes to the mylohyoid muscle.
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The two lobes are continuous with each other 
around the posterior border of the mylohyoid mus-
cle. As in the parotid gland, the two “lobes” are not 
true lobes embryologically as the gland arises as a 
single epithelial outgrowth (Langdon 1998a). 
However, surgically it consists of the two lobes as 
described above. It is a mixed seromucinous gland.

Superficial Lobe
The superficial lobe lies within the digastric 
 triangle. Its anterior pole reaches the anterior belly 
of the digastric muscle and the posterior pole 
reaches the stylomandibular ligament. This struc-
ture is all that separates the superficial lobe of the 
 submandibular gland from the parotid gland. It is 
 important to realize just how close the lower pole 
of the parotid is to the posterior pole of the sub-
mandibular gland as confusion can arise if a mass 
in the region is incorrectly ascribed to the wrong 
anatomical structure (Figure 1.2). Superiorly, the 
superficial lobe lies medial to the body of the man-
dible. Inferiorly, it often overlaps the intermediate 
tendon of the digastric muscles and the insertion 
of the stylohyoid muscle. The lobe is partially 
enclosed between the two layers of the deep 
 cervical fascia that arise from the greater cornu of 
the hyoid bone and is in intimate proximity of the 
facial vein and artery (Figure 1.11). The superficial 
layer of the fascia is attached to the lower border of 

the mandible and covers the inferior surface of the 
superficial lobe. The deep layer of fascia is attached 
to the mylohyoid line on the inner aspect of the 
mandible and therefore covers the medial surface 
of the lobe.

The inferior surface, which is covered by 
skin, subcutaneous fat, platysma, and the deep 
fascia, is crossed by the facial vein and the cervical 
branch of the facial nerve which loops down from 
the angle of the mandible and subsequently inner-
vates the lower lip. The submandibular lymph 
nodes lie between the salivary gland and the man-
dible. Sometimes one or more lymph nodes may be 
embedded within the salivary gland.

The lateral surface of the superficial lobe is 
related to the submandibular fossa, a concavity on 
the medial surface of the mandible, and the attach-
ment of the medial pterygoid muscle. The facial 
artery grooves its posterior part lying at first deep 
to the lobe and then emerging between its lateral 
surface and the mandibular attachment of the 
medial pterygoid muscle from which it reaches the 
lower border of the mandible.

The medial surface is related anteriorly to the 
mylohyoid from which it is separated by the mylo-
hyoid nerve and submental vessels. Posteriorly, it 
is related to the styloglossus muscle, the stylohyoid 
ligament, and the glossopharyngeal nerve separat-
ing it from the pharynx. Between these, the medial 
aspect of the lobe is related to the hyoglossus mus-
cle from which it is separated by the styloglossus 
muscle, the lingual nerve, the submandibular gan-
glion, the hypoglossal nerve, and the deep lingual 
vein. More inferiorly, the medial surface is related 
to the stylohyoid muscle and the posterior belly of 
digastric.

Deep Lobe
The deep lobe of the gland arises from the superfi-
cial lobe at the posterior free edge of the mylohy-
oid muscle and extends forward to the back of the 
sublingual gland (Figure  1.12). It lies between 
the mylohyoid inferolaterally, the hyoglossus, and 
the styloglossus muscles medially, the lingual 
nerve superiorly and the hypoglossal nerve and 
deep lingual vein inferiorly.

Submandibular Duct
The submandibular duct is about 62 mm long and 
3 mm in diameter in the adult. The wall of the sub-
mandibular duct is thinner than that of the parotid 
duct. It arises from numerous tributaries in the 

Figure 1.11 Superficial dissection of the left subman-
dibular gland. The investing layer of the deep cervical fas-
cia is elevated off the submandibular gland and the facial 
vein is identified. 
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superficial lobe and emerges from the medial 
 surface of this lobe just behind the posterior bor-
der of the mylohyoid. It crosses the deep lobe, 
passing upwards, and slightly backward for 5 mm 
before running forwards between the mylohyoid 
and hyoglossus muscles. As it passes forward, it 
runs between the sublingual gland and genioglos-
sus to open into the floor of the mouth on the sum-
mit of the sublingual papilla at the side of the 
lingual frenum just below the tip of the tongue. It 
lies between the lingual and hypoglossal nerves on 
the hyoglossus. At the anterior border of the hyo-
glossus muscle, it is crossed by the lingual nerve. 
As the duct traverses the deep lobe of the gland, it 
receives tributaries draining that lobe.

Blood Supply and Lymphatic Drainage
The arterial blood supply arises from multiple 
branches of the facial and lingual arteries. Venous 
blood drains predominantly into the deep lingual 
vein. The lymphatics drain into the deep cervical 
group of nodes, mostly into the jugulo‐omohyoid 
node, via the submandibular nodes.

Nerve Supply to the Submandibular 
Gland
Parasympathetic innervation
The secretomotor supply to the submandibular 
gland arises from the submandibular (sublingual) 

ganglion. This is a small ganglion lying on the 
upper part of the hyoglossus muscle. There are 
additional ganglion cells at the hilum of the gland. 
The submandibular ganglion is suspended from 
the lingual nerve by anterior and posterior fila-
ments (Figure 1.13).

The parasympathetic secretomotor fibers 
originate in the superior salivatory nucleus and the 
preganglionic fibers then travel via the facial nerve, 
chorda tympani, and lingual nerve to the ganglion 
via the posterior filaments connecting the ganglion 
to the lingual nerve. They synapse within the gan-
glion and the postganglionic fibers innervate the 
submandibular and sublingual glands (Figure 1.9). 
Some fibers are thought to reach the lower pole of 
the parotid gland.

Sympathetic innervation
The sympathetic root is derived from the plexus on 
the facial artery. The postganglionic fibers arise 
from the superior cervical ganglion and pass 
through the submandibular ganglion without syn-
apsing. They are vasomotor to the vessels supply-
ing the submandibular and sublingual glands. Five 
or six branches from the ganglion supply the sub-
mandibular gland and its duct. Others pass back 
into the lingual nerve via the anterior filament to 
innervate the sublingual and other minor salivary 
glands in the region.

Sensory innervation
Sensory fibers arising from the submandibular and 
sublingual glands pass through the ganglion without 

Figure 1.13. Clinical photograph showing the relation-
ship of the lingual nerve to the submandibular gland. 

Figure 1.12. Deep dissection of the left submandibular 
gland. With the submandibular gland retracted, the facial 
artery is identified in proximity to the facial vein. 




