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1. Introduction 

Head and neck cancer is an aggressive disease with substantial morbidity associated with local 

invasion and regional lymphatic spread. Local spread through lymphatic channels is the most 

common course of disease progression; and nodal disease is often regarded as the most 

important prognostic factor in malignancy of the head and neck. [Ferlito 2006, Shah] It has 

been estimated that the presence of lymphatic metastases indicates a 50% decrease in survival; 

with contralateral nodal disease indicating another 50% decrease. [Leemans 1993, 1994] 

Neck dissection describes a procedure involving the en bloc removal of some or all of the 
lymphatic organs of the head and neck. In current practice the procedure is often performed 
simultaneously with resection of a primary tumor of the head and neck. The scope of the 
resection is quite variable and, throughout history, has been a source of some debate. In 
1988 the American Head and Neck Society formed a task group to synthesize a standard 
nomenclature regarding neck dissection, their recommendations have gained near universal 
acceptance throughout North America and internationally as well. [Robbins 1991, 2002, 
2008]  
Currently the American Head and Neck Society classifies cervical lympadenectomy into 4 
categories: 
1. Radical neck dissection 
2. Modified radical neck dissection 
3. Selective neck dissection 
4. Extended neck dissection 
A radical neck dissection is defined as en bloc excision of lymph node levels I-V (Figure 1) 

along with the internal jugular vein (IJV), sternocleidomastoid muscle (SCM), and spinal 

accessory nerve (SAN). A modified radical neck dissection also involves the complete 

removal of levels I-V but with sparing of one or more of the nonlymphatic structures (IJV, 

SCM, SAN).  A selective neck dissection is defined as a procedure that removes anything 

other than levels I-V. The nomenclature of selective neck dissection assumes that IJV, SCM, 

and SAN are all preserved unless otherwise noted. The specific levels removed are listed in 

parentheses (ie. SND [I-III]). Finally, an extended neck dissection is any procedure that 

removes additional structures beyond those involved in a radical neck dissection, for 

example superior mediastinal lymph nodes, or the external carotid artery. Very complete 

and specific recommendations regarding classification and terminology are clearly laid out 

in publications by Robbins et al. [Robbins 1991, 2002, 2008] 
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Fig. 1. Lymph node levels of the neck, as first defined and applied by the Memorial Hospital 
head and neck service.  [website] 

There is still no strict consensus regarding the indications for each type of procedure, 
however some broad guidelines do exist. Generally speaking, radical neck dissection is 
recommended in the management of recurrent disease or disease that grossly involves 
associated non-lymphatic structures. Modified radical neck dissection has become the 
standard treatment of clinically apparent neck disease. Selective neck dissection is generally 
used when elective neck dissection is performed, that is, treatment of patients with no 
clinical evidence of neck disease but a primary tumor that is high risk for lymphatic spread. 
Recent studies have supported the application of selective neck dissection in treating 
clinically apparent disease as well. [Robbins 2004, 2005]  
Squamous cell carcinoma accounts for more than 85% of malignancy of the upper 
aerodigestive tract. Neck dissection is most frequently performed as a treatment for 
squamous cell carcinoma, however it is also utilized in most other types  of head and neck 
malignancy. Aside from squamous cell carcinoma, neck dissection is often employed in the 
management of thyroid, cutaneous, and salivary malignancy. 

2. Early history 

The importance of cervical lymphatic disease has been recognized for well over one 
hundred years. Indeed, many surgeons of the 19th century regarded neck disease in mucosal 
cancers as an indication of incurability. Surgical treatment of malignant tumors of the neck 
have been described as far back as the early 1800’s, generally with significant patient 
mortality associated. [Rinaldo 2008, Folz 2007, 2008]. Maximilian von Chelius famously 
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stated “once the growth in the mouth has spread to the submaxilary gland, complete 
removal of the disease is impossible.” [Chelius 1847] In order to treat lymphatic metastases, 
physicians and scientists had first to realize a modern paradigm of medicine. 
Prior to the 18th century, western medicine was dominated by the humoral theory of disease. 
A lack of understanding of the nature of malignant disease and its spread through 
lymphatic channels would certainly make the principles of modern neck dissection elusive. 
Humoralism is a theory of medicine often attributed to Hippocrates, although it probably 
had its roots in older civilizations of Egypt or Assyria. The basis of humoralism is that there 
are four essential humors of the human body: blood, phlegm, black bile, and yellow bile. 
Disease is the imbalance of these humors and treatments aimed at restoring balance by 
medication or by letting of one or more of the humors.[Sudhoff]  This philosophy was 
embraced by Galen and other scientists of western medicine until the 15th and 16th centuries. 
(Figure 2) During this time dissections and experiments by Andreus Vesalius, William  
 

 

Fig. 2. Portrait of Andreas Vesalius; reproduced from De Humani Corporis Fabrica, Volume 1. 
Vesalius’ contributions in the field of anatomy led Renaissance scientists to reconsider many 
fundamental principles of the earlier Hippocratic medicine. [Vesalius] 
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Harvey, and other greats of the scientific revolution began to shed doubt on many of the 
essential principles of Hippocratic medicine. [Folz 2008, Harvey, Shapin] Advances in 
science and technology ultimately led to Virchow’s proposal of “cell theory” at the turn of 
the 19th century. [Virchow] Modern biology has been built upon the principles of cell theory. 
The mid 19th century also saw two great leaps forward in the progress of surgery. In 1846 
John Collins Warren performed a neck mass excision at Massachusetts General Hospital 
under general anesthesia using ether (Figure 3). This well-publicized event marks the birth 
of modern general anesthesia, which has allowed longer more extensive surgeries, more 
delicate dissection and hemodynamic control; not to mention the benefit to patient comfort. 
[Folz 2007, Major] The second well-documented surgical development of the era was Joseph 
Lister’s proposal that infection is caused by spread of microorganisms. He demonstrated 
that by maintaining sterile technique using antiseptics like phenol and carbolic acid; one 
could drastically reduce the rate of surgical site infections. [Lister] 
 

 

Fig. 3. John Collins Warren performs the first neck surgery on a patient under general 
anesthesia at Massachusetts General Hospital 1846. “The First Operation Under Ether” oil 
painting by John Cutler Hinckley. 
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The 1800’s also, and not coincidentally, mark the same era in which head and neck oncology 
was first accurately recognized and described. That is, the recognition that neck disease 
represents lymphatic spread from primary malignancy of the upper aerodigestive tract. It 
was in the late 1800’s that the first modern descriptions of neck dissection are documented. 
When and who performed the first neck dissection is a subject of some controversy [Ferlito 
2007, Towpik 1990] Rinaldo recently documented the early history of neck dissection well in 
a paper that highlighted early attempts at en bloc cervical lymphadenectomy by what he 
termed “the four giants of 19th century surgery” (Kocher, Billroth, von Langenbeck, and von 
Volkmann). These publications generally described removal of malignant neck masses, with 
or without an associated primary tumor. They represent single cases or small case serious, 
and they generally describe tumor excision rather than a planned resection of cervical 
lymphatics. In this era of neck dissection, outcomes were quite poor. [Rinaldo 2007, Kocher 
1880, Langenbeck 1875] 
One candidate for first neck dissection was described in an 1880 publication by Emil 
Theodor Kocher. [Kocher] Kocher described his now well-known “y-shaped” incision in 
order to remove upper neck lymphatics en bloc with the submandibular gland and oral 
cavity primary tumors. Kocher advocated for the systematic removal of the submandibular 
gland and associated lymph nodes in addition to the primary site when performing floor of 
mouth and tongue resections through a transcervical approach. This is distinct from earlier 
publications by Warren and von Langenbeck that were aimed at simply removing a discrete 
neck tumor.  [Warren 1837, Langenbeck 1875] 
The eponym “Kocher incision” (Figure 4) to describe this approach to oral cancer was first 
coined by Henry T. Butlin, who has been called “the father of British head and neck 
surgery.” [Uttley 2000] In a landmark publication, Butlin presented a case series on the 
surgical management of tongue cancer. [Butlin 1885] In this paper he demonstrated that 
patients who underwent resection of submandibular lymph nodes (regardless of lymphatic 
spread at the time of operation) had better recurrence and survival outcomes than those that  
 

 

Fig. 4. The Kocher incision describes a y-shaped incision with the long arm running along 
the anterior border of the SCM, extending from the mastoid tip to the clavicle; and the short 
arm extending anteriorly to allow full exposure of the submandibular triangle. Above, the 
Martin modification maintains obtuse-angled skin flaps for better perfusion at the flap tips, 
also a second inferior “y” to allow greater supraclavicular exposure. 
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did not. In the paper he strongly advocated for “prophylactic” (what today would be 
described as elective) resection of submandibular lymph nodes in all cases of tongue cancer. 
This likely was the start of one of the great questions that still persists in modern head and 
neck oncology: when to treat the clinically negative neck. 
Most recent publications recognize Jawdynski of Poland as the first to perform a radical 
neck dissection. In 1888 he published the report of cervical lymphadenectomy involving all 
lymphatics from the mandible to the sternum as well as the internal jugular vein, 
sternocleidomastoid, and spinal accessory nerve. This case also involved ligation of the 
common carotid artery as the tumor was invading this structure. The procedure described is 
indeed quite similar if not identical to a current radical neck dissection. Unfortunatly 
Jawdynski published few other works. His career was cut short when he died of infection at 
the young age of 45. [Towpik 1990] 

3. The early 20
th

 century 

At the beginning of the 20th century George Crile of the United States published a series of 
cases of “cervical lymphadenectomy,” performed to manage lymphatic spread of head and 
neck malignancies. The data was first presented in the 1905 annual Transactions of the 
Southern Surgical and Gynecologic Society. Later, it received national (and international) 
attention after being published in the Journal of the American Medical Association in 1906. 
[Crile 1905,1906] The paper reported a series of 132 cases. It included illustrations and a 
detailed description of the procedure (Figure 5). Subsequently the eponym “Crile 
procedure” was attached to cervical lymphadenectomy in the United States for several 
decades. The paper demonstrates a thorough understanding of cervical lymphatic spread, 
with the basic surgical principles based largely on Halsted’s work in the field of breast 
surgery. 
Crile’s paper included a thoughtful discussion of the management of head and neck 
lymphatic disease, advocating for en bloc excision of all superficial lymphatic’s of the neck 
in cases of clinical disease. Although credited with inventing the radical neck dissection, 
Crile proposed more limited lymphadenectomy in cases of clinically negative lymph nodes, 
or when non-lymphatic structures were not clearly involved in the surgical specimen. The 
data presented supports improved outcomes in terms of both recurrence and survival in 
patients who underwent radical neck dissection vs selective neck dissection (of course 
modern terminology was not used). In the subgroup with clinically positve neck disease and 
at least 3-year follow up, Crile observed an 18% (9/48) vs 75% (9/12) survival rate in those 
that underwent selective versus radical neck dissection. [Crile 1906] 
Aside from the controversy regarding whether or not Crile is truly to be credited with 
performing the first neck dissection, the importance of this paper is agreed a upon. At the 
time of its publication, Crile’s was the largest series available on the subject of neck 
dissection. Further, Crile included a discussion of the question of elective neck dissection. 
Crile was generally in favor of elective treatment, citing the previous work of Butlin 
(although Crile’s data did not address the issue directly). Most importantly, Crile’s paper 
included an analysis that indicated improved outcomes when neck dissection was 
performed as a complete en bloc cervical lymphadenectomy, rather than removing only 
grossly diseased nodes. Simply put, Crile recognized that treatment of malignant neck 
disease must involve complete cervical lymphadenectomy rather than simply excising those 
cervical lymph nodes that were grossly diseased. He further provided data in a relatively 
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large case series supporting this claim. In this way Crile proposed the first standardized 
treatment algorithm in the management of lymphatic metastases of the head and neck. 
Based largely on Crile’s observations, the 20th century was characterized by a movement 
towards more aggressive management of clinical lymphatic desease. Blair and Brown 
demonstrated an increasingly intricate understanding of the disease process and discussed a 
large series of cases. Their paper was the first to report a standardized application of 
radiation therapy in treating cervical nodal disease, although the role of radiation at that 
time was exclusively one of salvage therapy. Their 1933 publication gave quite detailed 
descriptions of the surgical techniques, as well as indications and contraindications (Figure 
6). The authors also outlined criteria for “unresectability” that were surprisingly similar to 
those employed today. 
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Fig. 5. A. Superficial lymph nodes of the neck by George Crile. B. Diagram of a neck 
dissection performed on a patient with a cutaneous malignancy. 
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Fig. 6. Surgical field after neck dissection from Blair and Brown. Note a radical neck 
dissection with removal of SAN, SCM, IJV, and submandibular gland has been performed. 
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4. Controversy regarding technique and application 

In 1951 Hayes Martin published his landmark paper, reporting on 1450 Cases performed at 
Memorial Hospital in New York over a 22 year period. Martin argued unequivocally for 
radical neck dissection in all cases of nodal disease: “In our opinion the partial operation 
should never be used.” Regarding preservation of the spinal accessory nerve: “After 
repeated observations of the surgical anatomy of this nerve in relation to the upper portion 
of the internal jugular chain of lymphatic’s, we are unalterably opposed to any attempt to 
preserve the nerve itself.” The paper did not address recurrence rates between radical 
versus modified or selective neck dissections as it was practice at Memorial Hospital to 
perform radical neck dissection on all patients with clinical neck disease (Figure 7). The data 
presented demonstrated a much lower peri-operative mortality rate than previous 
publications: 1-2%. However it supported the previously documented high mortality 
associated with head and neck cancer in general, citing that 50% of the 334 patients who 
underwent isolated neck dissection were dead of disease at 5 years. [Martin 1951] 
Martin’s paper included publication of data from a survey that was sent to head and neck 
surgeons regarding opinions on the indications for elective neck dissection. Ultimately the 
data reflected extreme variation between surgeons. Martin concluded that his data generally 
support a role for elective surgery for primary tongue cancer, with more dubious indications 
in cases of laryngeal disease. Ultimately, however, this publication left the role of elective 
neck dissection unsettled.  
The question of staged versus simultaneous radical neck dissection was also addressed. 
Earlier authors (including Crile cited above) noted high risk of increased intracranial 
pressure in patients undergoing bilateral internal jugular vein ligation simultaneously. 
[Sugarbaker, Crile] Martin’s series included 66 patients who underwent simultaneous 
bilateral neck dissection, none of whom suffered peri-operative mortality. The 
recommendation based on this series was that neck dissections be staged by 3 weeks if 
disease permits, however if excision of the primary site requires exposure of both sides of 
the neck then neck dissection was performed simultaneously. 
The direct language used in Martin’s paper regarding radical versus partial neck dissection 
reflected a great controversy in the field of head and neck surgery. There remained many 
head and neck surgeons who commonly performed more limited neck dissection. Suarez is 
generally regarded as developing the functional neck dissection, a technique of cervical 
lymphadenectomy very similar to what is currently described as modified radical or 
selective neck dissection. [Suarez 1963, Ferlito 2005, Bocca 1964] Suarez’ publication in 1963 
demonstrated comparable levels of regional disease control with significantly decreased 
morbidity after these more conservative procedures. Suarez’ paper contributed a very 
sophisticated description of the lymphatic drainage of the head and neck (Figure 8). It 
accurately described the different drainage patterns typical of head and neck malignancy 
based on primary tumor location. 
Suarez’ paper may be pinpointed as the start of a movement that has occurred in the later 
half of the 20th century towards modified radical and selective neck dissections.  
In 1978 Jesse, Ballantyne, et al compared radical neck dissection with neck dissection that 
spared the spinal accessory nerve. They found no discrepancy in rate of disease recurrence 
between these two groups, even when controlling for disease severity. [Jesse 1978] Later, 
various studies comparing radical to various degrees of modified radical neck dissection 
demonstrated comparable rates of recurrence. [Spiro JD 1998, Byers 1988] Refinements in the 
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field of radiation oncology likely allowed for this experimentation, as the availability and 
efficacy of radiation salvage therapy allowed for more conservative surgical practices. 
[Mendenhall 1995]  
 
 
 
 
 

 

 

 

 
 
 

Fig. 7. En bloc removal of radical neck dissection specimen from Martin et al 1951. [Martin 
1951] 
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Fig. 8. A diagram of microscopic lymphatic anatomy from Suarez 1963. [Suarez 1963] 

The basis of modern selective neck dissection lies in a sophisticated understanding of 

lymphatic drainage patterns of the head and neck. The contribution of Suarez was described 

above. In 1972 Robert M. Lindberg published a report on the surgical pathologic specimens 

from neck dissections. Lindberg reviewed 2,044 surgical specimens from the MD Anderson 

Cancer Institute in Texas; and reported the ditribution of pathologically positive nodes. This 

data set provided a wealth of knowledge regarding pattern of lymphatic spread based on 

primary site as well as tumor stage classification. His results supported many of Suarez’ 

earlier recommendations and have led to our current guidelines regarding the application of 

selective neck dissection. 
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5. Current practice and future directions 

In 1991 the American Head and Neck Society published guidelines regarding classification 
and nomenclature of neck dissection that have gained acceptance throughout much of the 
world. Under those guidelines all procedures are classified as radical neck dissection, 
modified radical neck dissection, selective neck dissection, and extended neck dissection (as 
described above). The current indications (and contraindications) to neck dissection are very 
much intertwined with the definitions of the procedures themselves.  
There remains a great deal of variation regarding the application of these procedures in 
the management of head and neck cancer. Common areas of discrepancy include the role 
of elective neck dissection, modified radical versus therapeutic selective neck dissection, 
bilateral versus unilateral neck dissection and the timing in cases of bilateral surgery. A 
thorough description of the current nomenclature and indications for neck dissection are 
outside the scope of this chapter, however in reviewing the history of neck dissection; 
there is much to be learned regarding the current guidelines in cervical 
lymphadenectomy.  
Spread to local lymph nodes is the course of disease progression in head and neck 
malignancy. Neck disease is a key prognostic factor with regards to recurrence after 
treatment as well as overall survival. Even with refined radiation therapy techniques 
available, the primary management of lymphatic disease is surgical resection. Procedures 
aimed at partial or complete cervical lymphadenectomy have been performed at least since 
the mid 19th century, with varying degrees of success. The current standard of care in head 
and neck oncology is a product of the history outlined above. In the case of neck dissection, 
we can see how the course of events shapes our understanding of a disease and our 
attempts at its eradication.  
The current era is a very exciting time in head and neck oncology. Technology has grown at 
an exponential rate over recent decades and we, as clinicians, are still struggling to apply 
these resources to medical care. Much has been learned over the previous centuries but 
there are daunting obstacles yet to overcome. Important areas of current research include 
the expanding role of chemotherapy and radiation therapy in head and neck cancer. [Wolf 
1990] Further, microbiologic techniques such as polymerase chain reaction and 
immunohistochemical staining have enabled researchers to identify microscopic foci of 
disease in surgical specimens. The way that this information should be applied to treatment 
has yet to be determined. Other procedures such as lymphoscintigraphy have become 
standard of care in other malignant diseases such as breast cancer and melanoma, however 
the utility in head an neck oncology has yet to be defined.  
Neck dissection has been a vital aspect of head and neck cancer treatment since neoplastic 
disease was first described. Current studies in technology, radiation, and epidemiology will 
allow us to further perfect the technique and application of this procedure.  
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