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m ohs micrographic surgery is considered the most con-
servative yet reliable approach to the management of 

cutaneous malignancies. The concept of MMS is simple, 
but its technique, which involves a series of suboperations, 
is complex. Although many refinements have been made 
to the original Mohs technique, the main objectives are the 
same. MMS represents a method of treating skin cancers 
in staged excisions using 
meticulously mapped-out 
peripheral sections of margins 
that completely encompass the 
neoplasm. The surgeon is the 
one who examines the tissue 
specimens, aiming at maximal tissue conservation while 
assuring histologically clear margins [1]. MMS yields cure 
rates that exceed those of all other modalities, while allowing 
for maximal healthy tissue conservation.

The technique of MMS has continued to evolve since its 
inception and is currently the treatment of choice for skin 
tumors in critical sites, in sites of radiation therapy, large 
or recurrent tumors, and tumors with aggressive histologic 
features. We review the commonly used MMS techniques 
available and the indications for MMS.

histOrY

In 1941, Frederic Mohs described a new surgical technique 
for staged removal of skin cancer by in situ fixation of cutane-
ous tissue [2]. After fixation, Mohs excised the cancer and cut 
tangential sections including both the epidermis and deep 
undersurface of the tissue sample for microscopic margin 

MMS = Mohs micrographic surgery

evaluation. The “horizontal” sectioning allowed for complete 
examination of the peripheral tumor margin. Since then, his 
technique has continued to evolve. It has become the gold 
standard and has found a secure niche in the management 
of cutaneous malignancies.

cutaneOus malignancY

Several modalities are used for the treatment of skin cancers, 
including curettage and electrodessication, laser, cryotherapy, 
radiation therapy, topical or intralesional drug therapy, con-
ventional excision, and MMS. Laser, cryotherapy and radiol-
ogy are destructive procedures that rely on clinical and often 
visual assessment of the tumor’s extent but lack pathologic 
verification of clear margins. ED&C does not permit margin 
control, although in skilled hands pathologic and normal tis-

sue can often be differentiated 
with the curette. Conventional 
excision, using 3–6 mm of 
clinically diagnosed tumor-free 
skin margins, is used for most 
skin cancers [3]. Conventional 

excision is usually followed by limited pathologic evaluation 
of margins [4] [Figure 1A]. In contrast, MMS aims to assess 
100% of the peripheral and deep margins of the specimen. 
This is based on the novel histopathologic technique devel-
oped by Mohs. Although conventional treatment modalities 
generally result in high cure rates for small, well-circumscribed 
non-melanoma skin cancers, the highest overall cure rate for 
primary as well as recurrent tumors is achieved with MMS 
[5,6]. (The 5 year recurrence rate of primary and recurrent 
basal cell carcinoma treated by surgical excision is 10% and 
17% respectively; with MMS the rate is 1% and 6% [6].)

Patient evaluatiOn

The indications for MMS are well established, especially 
for non-melanoma skin cancer. Most patients are referred 
for MMS after a biopsy has been performed and the pres-
ence of a carcinoma is confirmed. These are patients with 
recurrent tumors; tumors in the central face, periorbital, 

ED&C = electrodessication and curettage

mohs micrographic surgery yields cure  
rates exceeding those of all other modalities 

while allowing for maximal conservation  
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nose, lip, and auricle; tumors larger than 2 cm in diameter; 
tumors with aggressive histology; tumors in the immunosup-
pressed patient; and irradiated skin [7,8] [Table 1]. The role 
of MMS in the treatment of other tumors such as melanoma 
and Merkel cell carcinoma is more controversial and often 
depends on the surgeon’s comfort and preference. 

surgical technique

The effectiveness of the Mohs technique is dependent on the 
individual steps that constitute the surgical procedure. These 
steps include preoperative physical examination, skin tumor 
extirpation, tissue mapping, his-
tologic processing and micro- 
scopic examination. The proce-
dure is repeated until negative 
margins are confirmed. The 
postoperative defect is repaired 
by an optimal reconstructive technique. 

When initially examining a patient, the clinical margins 
of the tumor are evaluated and marked with a surgical mark-
ing pen. The patient is then asked to verify the location of 
the tumor with a mirror and confirm the patient’s identity. 
Local anesthesia is obtained with an injection of lidocaine 
mixed with epinephrine buffered with sodium bicarbonate. 
A curette may be used, prior to excision, to debulk and delin-
eate possible subclinical tumor spread [9,10].

A study evaluating the effectiveness of performing curet-
tage before MMS for previously biopsied non-melanoma 
skin cancers concluded that although curettage may be 
helpful in debulking friable skin prior to MMS, it does not 
reliably delineate the entire extent of a tumor [11]. In addi-
tion, preoperative curettage may not reduce the number of 
stages of MMS. When treating a patient with MMS, one must 
consider the fact that after a biopsy 24% of non-melanoma 
skin cancers have no residual component when examined 
histologically [12]. For such tumors, aggressive curettage can 
create a larger defect, with no potential improvement in the 
accuracy of the procedure. Furthermore, this technique is 
limited in the face of larger tumors that cannot be processed 
as a single section.

One of the major advantages of MMS is its potential to allow 
the surgeon maximal normal tissue conservation. With the his-
tologic control the surgeon can be confident that the tumor is 
no longer present, even when narrow margins are taken. 

Classical MMS advocates that the blade be beveled at a 45° 
angle to the skin surface when excising the tumor margin. 
This allows the epidermis, dermis and deeper tissue to be 
cut on the cryostat in a straight line and to be examined in 
one plane [13]. However, this does not guarantee a complete 
epidermal edge for histologic evaluation in every case [14]. A 
more complete epidermal edge can frequently be obtained by 

using a peripheral 90° vertical 
incision all around a neoplasm 
and examining separate hori-
zontal sections of the tumor’s 
base to evaluate the deep mar-
gin  [1,15] [Figure 2]. Many 

consider this approach equally effective compared to the 
oblique 45° sections. Furthermore, the 90° removal approach 
may ultimately speed up the procedure by obviating the need 
to incise the margins vertically at 90° and excise the beveled 
edge to facilitate closure [Figure 1B and 2B].

After tumor excision, the excised tissue must be accurately 
mapped and marked with ink for proper orientation. Despite 
a unified concept of margin control for tumor extraction, 
there are several variations in each step of this technique. A 

mms is the treatment of choice for skin 
tumors in critical sites, in sites of radiation 
therapy, recurrent tumors, and tumors with 

aggressive histologic features

recurrent tumors 
Large tumors > • 2 cm in diameter
Tumors that are incompletely excised • 
Tumors located in areas where the risk of local recurrence is high (i.e., the • 
central face, auricle, periorbital and periauricular areas)
Tumors located in areas where tissue conservation and a high cure rate • 
are important 
Tumors with indistinct clinical margins• 
Tumors with aggressive histologic subtypes (micronodular, infiltrative and • 
morpheaform basal cell carcinoma, basosquamous carcinoma and poorly 
differentiated squamous cell carcinoma) 
Tumors with evidence of perineural invasion
Tumors arising in irradiated skin or in chronic scars• 

Figure 1. [a] Serial transverse cross-sectioning (bread-loafing) 
technique for elliptical excision specimens. Tissue is sectioned 
every 4 mm, embedded in paraffin, and cross-sections are cut and 
stained. This technique can miss portions of tumor at the surgical 
margins. Tumor is indicated by gray lines, surgical incisions by solid 
black lines, and horizontal parallel lines signify where transverse 
sections would be cut. Because the tumor at the incision line is 
not transected by the cross-sections cut, the tumor would be 
histologically missed.
[B] Surgical margins required for invasive tumors based on angle of 
incision. With a vertical incision, an invasive tumor can be excised 
with minimal lateral margins, resulting in the smallest surgical 
defect. Excisions with scalpels beveled at 45° and 30° result in 
progressive increases in the size of the surgical defect necessary to 
clear the deep portion of the tumor.

table 1. Indications for Mohs surgery [7,8]
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approach is used by a minority of Mohs surgeons (fewer than 
2%), but it may increase with the more widespread use of 
digital photography and electronic medical records. 

Preparing tissue specimens for processing involves ink-
ing, flattening, freezing, cutting and staining before the 

microscopic examination. The 
histotechnician plays a crucial 
role in this process and must 
consistently orient the tissue 
so that the correct epidermal 
surface is sectioned. Mohs 
surgeons should know how 

to flatten, freeze, cut and stain tissue in order to efficiently 
communicate and troubleshoot quality issues with their his-
totechnician.

The harvested tissue is then embedded in optimal cut-
ting temperature compound and frozen sections are pre-
pared. Flattening the tissue in order to section the complete 
undersurface and the epidermal margin at the same time is 
critical for the complete en-face examination of the outer 

survey by Silapunt et al. [16] of 310 Mohs micrographic sur-
geons in the United States between October and December 
2002 showed that most Mohs surgeons mapped their tissue 
using hand-drawn pictures to orient the specimens. This 
method is inexpensive, simple and quick, and gives the sur-
geon artistic freedom to illus-
trate, on the patient, the size and 
shape of neoplastic tissue as well 
as the actual defect. Preprinted 
maps or sketches of anatomic 
sites are used by 21% of Mohs 
micrographic surgeons. It is as 
simple and rapid as drawing a picture by hand, except that 
the size and shape of the anatomic regions are fixed. Neither 
hand-drawn pictures nor preprinted maps can provide an 
accurate record from which to evaluate the skin in the case of 
recurrent disease. Digital and Polaroid photographs produce 
the most accurate representations of the excised tissue, defects 
and their interrelationship. They may also provide dimen-
sions and archival information for follow-up. Currently, this 

mms is performed by a team of surgeons, 
nurses and histotechnicians, whose 

cooperation and communication  
are crucial for ensuring the efficiency  

and integrity of the technique

Figure 2. Combinations of a peripheral 90° vertical incision and horizontal sections of the tumor’s base to evaluate histologic margins. The tumor may be 
excised in a circular [a] or elliptical shape [B]. Typically, a 1–2 mm margin is initially taken around the tumor for the first stage [10].
The right side of the figure shows a patient with the tumor incised, the tumor specimen divided into three pieces, the tissue pieces embedded in OCT, and the 
microscopic slides with the stained sections.

Excision with 
orientation

Slides

Harvested tissue 
with orientation
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Depending on a variety of factors, MMS may paradoxi-
cally result in margins that are either too wide or too narrow 
[Table 2]; a middle ground between these extremes is prob-
ably the rule [1].

cOnclusiOn

Since its introduction, the techniques used in MMS have 
continued to evolve. Despite these technical differences, the 
accuracy and meticulous skill applied at each step of the pro-
cedure leads to consistent and repeatable cure rates. MMS is 
performed by a team of surgeons, nurses and histotechni-
cians, whose cooperation and communication in excising 
handling, mapping, processing, and histologic examination 
of tissue specimens are crucial for ensuring the efficiency and 
integrity of this technique.

margin of a tissue specimen. Heat-extractor flattening in the 
cryostat with or without relaxing tissue cuts or slits is the 
most common method used in tissue flattening. Relaxing cuts 
are particularly useful when thick specimens are obtained 
for processing. Aerosol or liquid nitrogen freezing on a flap 
glass slide, plastic plate, or X-ray film is another technique 
commonly used to flatten tissue. More than one method is 
frequently used for a particular specimen.

The tissue is then sectioned and slides are prepared for 
histologic evaluation. Before this, however, the tissue sec-
tions are stained so that the histologic features can best be 
appreciated. Hematoxylin and eosin is the most commonly 
used tissue stain in MMS (82.6%). H&E can be used for all 
cutaneous neoplasms including squamous cell carcinoma, 
basal cell carcinoma, melanoma and others. Toluidine blue 
is an alternative stain that is particularly useful when evaluat-
ing basal cell carcinoma. Toluidine blue highlights islands of 
basal cell carcinoma by metachromatically staining its sur-
rounding mucopolysaccharides a vibrant pink color [17]. The 
use of both toluidine blue and H&E for different sections of 
the same specimen has been advocated when the assessment 
of a tumor is not straightforward. 

Epidermal and dermal specimens are most commonly 
sectioned 5 to 6 mm thick and fatty tissue is cut at 15–25 
µm [18]. Sections that are too thick are difficult to evaluate 
and can lead to inaccurate interpretation, while thinner sec-
tions enhance cellular detail. Serial sectioning of the tissue 
specimens allows one to further differentiate normal adnexal 
structures from tumor nests. In fact, inadequate sectioning 
may result in falsely positive margins. Although more pro-
cessing time is required for serial sectioning, it may reduce 
the number of equivocal readings at tumor margins.

For basal cell carcinoma < than 10 mm in diameter, con-
ventional excision margins of 3 mm will have a cure rate of 
85%. A 4 mm margin will produce about a 95% cure rate 
[19]; in larger, sclerosing or recurrent basal cell carcinoma, 
a 99% cure rate is possible only if sections 13–15 mm are 
taken [20]. 

One of the major advantages of MMS is its potential to allow 
the surgeon maximal normal tissue conservation. The surgeon 
evaluates the slides to determine if the margins are involved. 
If the tumor is completely excised the surgical defect is recon-
structed. If tumor is present, the corresponding location on the 
map is marked. If the lateral margin is involved, an additional 
excision of 1–2 mm tissue is removed. If tumor is present in the 
deep margin, an incision is made along the inside of the defect’s 
edges, and a thin strip of tissue is removed from the depth of 
the defect by scissor dissection for additional histologic evalua-
tion. These stages are repeated until the margins are considered 
clear and the reconstruction can be performed. 

H&E = hematoxylin and eosin

wide margins [1]
excessive debulking prior to taking margins, taking thick layer for margins [21]

Aggressive surgeon (desire to have • 100% cure rate or "flapophilia")
Patient demanding • 100% chance of cure in one Mohs stage
Infection, crusting or hyperkeratosis may cause exaggerated estimate of • 
tumor size 
Ill-defined margins may result in a wider debulking layer taken• 
Dermatitis (seborrheic or contact) around neoplasm makes it seem larger• 
Actinic damage or keratosis around neoplasm that may appear to be part • 
of the neoplasm
Dense fibrosis (especially in recurrences) may obscure actual lesion size• 

extra margin taken because of histologic finding in the margin 
Inflammatory cell aggregates [• 22]
Keratin granulomas [• 22]
Folliculocentric basaloid proliferation [• 23]
Pseudocarcinomatous hyperplasia from previous excision [• 24]
Squamous metaplasia of sweat glands or salivary glands [• 24]
Single atypical melanocytes (not pagetoid) around melanomas [• 25] 
Granulation tissue or fibrosis resembling spindle-cell neoplasms [• 1]
Tangential sections through adnexal structures that resemble neoplasm [• 14]
Equivocal positive frozen section• 

technical errors
Mapping error• 
Excessive facing of block produces false-positive margin• 
Misoriented section (cutting wrong side)• 
False-positive reading of frozen section (observer error)• 

 

narrOw margins: Better cOsmetic, higher "recurrence" rate [1] 
inadequate debulking prior to taking margins, or taking thin layers for 
margins

Timid doctor, "flapophobia"• 
Cosmetic considerations (young or beautiful patient, celebrity, or desire of • 
patient or doctor for a smaller scar) 
Avoidance of anatomic structures (arteries, nerves, tendons)• 
Previous excision site inadequately debulked, misleading negative margin • 
obtained above or medial to plane of residual tumor 
Multifocal tumor (misleading negative margin), especially sebaceous • 
carcinoma, Bowen's and Paget's disease and in recurrences where 
discontinuous foci may exist 

technical errors
Mapping error• 
Misoriented specimen• 
Incomplete sections (holes in section or failure to observe the entire • 
epidermal edge)
False-negative reading of frozen section (observer error)• 

table 2. Factors determining MMS margin width
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Toll-like receptors (TLRs) are crucial to innate immunity. 
Activation of these proteins, and of receptors for the pro-
inflammatory cytokines interleukin (IL)-1 and IL-18, leads 
to the recruitment of adaptor proteins such as MyD88. 
These in turn interact with further proteins such as IRAK2 
and IRAK4. The crystal structure of the MyD88-IRAK2-IRAK4 
death domain complex is now reported by Lin and co-
authors, explaining how these three proteins cooperate 
in TLR/IL-1R signaling. Formation of these Myddosome 
complexes brings the kinase domains of IRAKs into 
proximity for phosphorylation and activation. Composite 

binding sites are required for recruitment of the individual 
DDs in the complex, which are confirmed by mutagenesis 
and previously identified signalling mutations. Specificities 
in Myddosome formation are dictated by both molecular 
complementarity and correspondence of surface electro- 
statics. The MyD88-IRAK4-IRAK2 complex provides a 
template for Toll signalling in Drosophila and an elegant 
mechanism for versatile assembly and regulation of DD 
complexes in signal transduction.

Nature 2010; 465: 885
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capsule

helical assembly in the myd88-iraK4-iraK2 complex in tlr/il-1r signalling

“try not to become a man of success but rather try to become a man of value”
Albert Einstein (1879-1955) 

“do what you can, with what you have, where you are”
Theodore Roosevelt (1858-1919), 26th President of the United States




