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SUMMARY
The purpose of this paper is to propose a
rational treatment protocol according to
basic surgical principles, anatomy of the nail
bed, and etiological factors. Ingrown
toenails have been discussed in medical
literature for more than 1300 years. The
condition commonly affects young adults
and may result in significant morbidity in
terms of loss of days from work, education,
and recreation. The anatomy and
physiology of the nail bed are presented to
promote better selection of the proper
management procedure. Ingrown toenails
can be classified in terms of congenital or
acquired causes. A surgical protocol, along
with a description of each surgical
technique, is supplied. The pathology of
onychogryphosis is classified in terms of
involvement of the germinal matrix, the
sterile matrix, or both. Treatment is
determined by the severity and underlying
medical condition of the patient. (Can Fam
Physician 1988; 34:2675-2681.)

RESUME
Cet article propose un protocole therapeutique
rationnel de l'ongle incarne fonde sur les principes
chirurgicaux de base, l'anatomie du lit ungueal et les
facteurs etiologiques. Les premieres discussions que
l'on retrouve a ce sujet dans la litterature medicale
remontent a plus de 1300 ans. C'est une condition
frequente, autant chez les jeunes que chez les
adultes, et sa morbidite devient significative en
termes de jours perdus au travail, a l'ecole et dans les
activites sportives. On y rappelle l'anatomie et la
physiologie du lit de l'ongle, ce qui permettra de
mieux choisir la ligne de conduite appropriee. On
classifie les ongles incarnes selon leurs causes
congenitales ou acquises. L'article presente un
protocole chirurgical comportant la description de
chacune des techniques. La classification pathologi-
que de l'onychogryphose est fonction de l'implication
de la matrice germinative, de la matrice sterile ou des
deux. La gravite de la condition medicale sous-jacente
du patient determinera le traitement approprie.
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THE ANATOMY of the toenail

(Figure 1) consists of the nail
plate, the nail bed, and surrounding
soft tissue, including the proximal
nail fold, which extends approximate-
ly 6 mm over the base of the nail
plate, called the "lunula". The nail
bed consists of germinal and sterile

matrices. The germinal matrix origi-
nates close to bone, just beyond the
proximal one-sixth of the distal pha-
lanx, and ends at the sterile matrix,
located close to the distal lunula. Up-
per germinal matrix cells are also lo-
cated on the under surface of the
proximal nail fold. The sterile matrix
provides both adherance and a sliding
surface for the nail plate. The nail
plate measures 0.5 mm in thickness,
and grows distally and parallel to the
nail bed. It is composed of three lay-
ers: dorsal, intermediate and ventral.
The first two are formed by the upper
and lower germinal matrices, and the
third from the sterile matrix.' Nail
keratin is a scleroprotein with a high
sulphur content. Toenails grow at a
rate of approximately 1.5 mm per
month, and there is a 50% decrease
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of linear growth rate over one's
lifetime.2

Classification and
Pathophysiology
of Ingrown Toe Nails

Ingrown toe nails can be classified
as either congenital (too narrow or
too wide) or acquired (either acute
[infected] or chronic) (Chart 1) (Fig-
ure 2). Etiological factors, therefore,
are: deformity of the nail (congenital
or acquired); pressure on the nail
walls (tight footwear); or softening
and laxity of the surrounding soft tis-
sue (Chart 2). Molding action of pres-
sure causes the nail plate to turn
downwards and "dig in". As the cuti-
cle folds converge, the nail plate is
squeezed and raised in its centre. The
penetrated cuticle fold causes
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inflammation, erosion, granulation,
swelling, pain, infection, and
disability.3

Prophylactic Management
The aims of management are: to

make a correct diagnosis; and to
choose an appropriate treatment pro-
tocol. Non-operative therapy in-
cludes proper transverse cutting of
nails, avoiding cutting of corners
(Figure 3), central filing, soaking feet
twice a day in warm water, followed
by careful drying and placement of
cotton wool under the corners of the
nail plate and along the nail sulcus
(Figure 4). This is continued until the
nail plate once again extends past the
end of the toe. The patient should

wear proper-fitting shoes with a low
heel and adequate toe box. Follow-
up should be arranged for at least six
months. The disadvantage of this
treatment plan is the high default
rate. Lloyd-Davies found that after
two years of attending a toe clinic,
40% of patients had defaulted, 33%
were cured, and 27% were still being
treated.4

Operative Management
Operative indications include: per-

sistence of pain or disability after 1-2
weeks of adequate non-operative
treatment; late presentation with
chronic changes and unsuitability for
non-operative management; local ab-
scess; or troublesome nail regrowth

Chart 1
Classification of Ingrown Toenails
1. Congenital
- too narrow
- too wide
2. Acquired
- acute
- chronic

Chart 2
Pathophysiology of Ingrown
Toenails
1. Deformity of nail plate
- congenital
- acquired through faulty cutting
2. Pressure on nail walls
- adjacent toes
- footwear
3. Surrounding soft tissues
- softening and laxity

Figure 1
Nail-Bed Anatomy and Terminology

Figure 2
Classification of Ingrown Toenails

Figure 3
Proper Nail Care: Prophylaxis
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after earlier surgery.5 The procedure
should be simple with a minimal recur-
rence rate. Normal footwear should
be worn with comfort within a week of
operation.6

Toe-nail surgery is minor surgery.
It requires local digital and dorsal cu-
taneous nerve blocks. For big toes,
general anesthesia is needed only if
cellulitis is present proximal to the iP
joint. A penrose drain tourniquet,
#11 scalpel blade, scissors, jelonet,
wet gauze, and bulky dressing are
needed. The dressing should be re-
moved in 3-4 days.

Operative procedures include nail-

plate avulsion. This procedure may
be partial (medial wedge, lateral
wedge), as indicated for acute relief
of pain and removal of dead nail
plate, or total, as indicated for acute
infection or abscess formation. One
blade of a straight hemostat is insert-
ed under one side of the nail plate un-
til it reaches the base of the nail. The
hemostat is then closed and appropri-
ate rotory movement is applied to re-
move the nail. It is of utmost impor-
tance to remove all the nail plate
remnants, especially those that are
loose and often imbedded laterally in
the granulation tissues. Excessive

granulation tissue and macerated lat-
eral fold tissue is excised. The abscess
or infective process is thus relieved,
and proper wound care and cleansing
should follow until healing is com-
plete.

Soaking and topical antibiotics,
which are often suggested, are inef-
fective and unnecessary. Systemic an-
tibiotics are seldom used and are only
indicated in diabetics and in patients
with more proximal cellulitis. The ad-
vantage of this procedure is the rapid
relief of symptoms and eradication of
infection. The disadvantage is the low
cure rate, reported as only 36%

Figure 4
Dressing Nail-Bed

Packing of small amounts of cotton under nail plate to encourage nail-
plate growth away from the soft tissue.

Chart 3
Surgical Protocol
Technique
A) Nail-plate avulsion

a) partial
b) total

B) Radical nail-bed excision
i) classical germinal +

sterile matrices
ii) Selective germinal matrix
a) partial (classical)

b) total (selective)

C) Symes procedure

Indication

- Acute relief of pain
- Acute abscess, infection

- 1) Congenital or acquired
unilateral nail deformity

- 2) Unilateral troublesome
nail regrowth

- Bilateral congenital or
acquired ingrown toenails

Figure 5
Partial Excision of an Ingrown
Toenail

A "classical" partial or wedge
excision of an ingrown toenail
(shaded part excised).
Note that portions of both sterile
and germinal matricies are excised,
including the proximal nail fold.
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Figure 6

Selective (wedge) excision of germinal matrix only (non-shaded portion of
nail bed), for unilateral ingrown problems.

Figure 7
Total (radical) Nail-Bed Ablation

The proximal nail-fold skin is reflected, the dark portion (germinal matrix)
is selectively excised, and the skin flap sutured. Note the use of a
tourniquet, which is important for proper visualization.

Figure 8
Bilateral, Acute, Acquired Ingrown Toenails

successful.5 The surrounding lateral
nail folds are sometimes large and
fibrosed, and the digital pulp tends to
move dorsally when the nail is
avulsed. The new nail, which is often
thick and less pliant than the original
nail, is frequently unable to depress
this tissue as it regrows, and a recur-
rence of the condition results.
The definitive procedures include

radical nail-bed excisions. This proce-
dure may be partial (wedge, used for
either a congenital unilateral nail-
plate deformity or for correction of
unilateral, troublesome, nail re-
growth after previous surgery) or to-
tal, used for medial and lateral in-
growth of nails that show either con-
genital or acquired problems (Chart
3). Partial radical nail-bed excision
classically involves removal of a
wedge of nail plate and underlying
sterile and germinal matrices (Figure
5). A selective radical nail-bed exci-
sion removes only the V-shaped
wedge of germinal matrix (Figure 6),
but poor exposure of the germinal
matrix may lead to incomplete exci-
sion and troublesome nail regrowth.
Thus full exposure of each proximal
corner of the germinal matrix is es-
sential for complete excision of the
remnants.
The technique for partial (wedge)

nail-bed excision includes making a
single, diagonal, 1-cm incision at the
base of the nail and reflecting the
proximal nail fold.7 Using scissors,
remove 1 cm longitudinal wedge of
nail plate by placing the blades above
and below the nail plate and cutting
right to its base. Use a scalpel to ex-
cise the total nail bed, continuing
down to the periosteum and taking
care to excise all "crumbs" in the bas-
al corner and lateral areas of the ma-
trix. The epithelium on the undersur-
face of the adjacent nail wall is
excised. The skin is resutured to the
nail plate.
The technique for total nail-bed

ablation (Figure 7) consists of remov-
al of the nail plate after making two
diagonal incisions, one at each proxi-
mal nail corner.8 A scalpel is then
used to excise selectively all of the
germinal matrix (white) down to, but
preserving, the periosteum. The diag-
onal incisions and the skin of the
proximal nail fold are resutured, and
a non-adherent dressing is applied.
After germinal matrix excision, the
ventral nail plate re-epithelialises on
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Finira q * ui aits own, originating from the sterile
Eight Months Following Simple Partial Avulsions of Nail Plates matrix. It covers and protects the nail

bed with a hyponychial keratin layer.
Symptomatic recurrence rates for sin-
gle wedge nail-bed excision are re-
POrted as 25% by Winograd, and for
total nail-bed ablation as between 0%
and 16% by Zadik.9 Patients should
be followed for at least six months.
Symes operation is described as ex-

stcision of the terminal half of the pha
lanx, including removal of the nail

/a..:" '' .,.--'y.','aS........

plate, nail wall, and germinal matrix;
and closure by a plantar flap. This op-

....i..g...............eeration is rarely indicated and then
only for symptomatic nail regrowth,
after both total nail-bed ablation and

Figure 10 one attempt at local re-ablation have
Congenital, Narrow, Ingrown Toenail failed. This procedure, however, re-

sults in a short, bulbous toe.5

Results
The preceeding treatment protocol

has been used successfully by the se-
nior author for the past 15 years.

Representative results are illustrat-
ed in Figures 8-12.
Onychogryphosis
Onychogryphosis is an acquired

PT ~~~~~~~~~~~~dystrophy causing thickening, in-
crease in length, and curvature of the
affected nail plate; it occurs more
commonly in the great toe (Figure
13).1o Thickening of the nail plate

>j'~~~~~ ~~~ ~Figure 12
~~~~Eighteen Months after Radical,
Selective Germinal Matrix
Excision

Figure 11
Post-Operative Toenail

A'~~~~~~~~~~~~~~~

4 / ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.....

Twenty-four Months post-operatively, treated by classical bilateral wedge Note keratinization of the remaining
(partial) excision of sterile and germinal matrices. sterile matrix.
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Figure 13
Typical Appearance of Onychogryphosis of the Big Toenail

Figure 14
Management of Ingrown Toenails

Acute Infection

Nail-Plate Avulsion (Partial or Total)
- removal of foreign body
- drainage of abscess

Congenital Acquired
- train nail to regrow properly
- teach proper cutting & packing

alal
Elective Radical Nall-Bed Excision .* Recurrence
- to narrow or remove nail plate

Partial or Wedge
- unilateral problem
(medial or lateral)

Classical
- (sterile & germinal)

Total
- bilateral problem

Selective
- (germinal matrix)
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Cure

may result from germinal matrix (nail
hypertrophy) and/or sterile matrix
(pachyonychia) pathology (Chart 4).

Nail hypertrophy may be idiopathic
or "senile", traumatic or secondary
to psoriasis.2 Recurrent trauma, gen-

erally aggravated by footwear, causes

increased thickness and torsion of the
nail plate. One side of the germinal
matrix grows faster than the other.
The nail plate curves and the direc-
tion of the deformity is determined
by the faster growing side. Micro-
scopically, the cells show a disorder-
ly, wave-line distribution with hy-
perchromatism, parakeratosis and
numerous splits.

Pachyonychia may be the result of
fungal infections or psoriasis. Com-
pact masses of subungual keratin a

few millimeters high, adhere to the
ventral nail plate and push it upwards
so that it becomes convex. Fungal
spores germinate in a humid and ma-

cerated environment. Therefore,
onychomycosis may be superimposed
on, or act as a contributory factor to,
the further development of onycho-
gryphosis. As a result of fungal
growth, subungual hyper-keratosis
develops, together with thickening
and brown discolouration of the ven-

tral nail. Because of their keratolytic
enzymes, the dermatophytes pene-

trate further into the hyponychial
keratin and ultimately destroy the
nail plate itself.

Management
Mild cases of ingrown toenail are

either treated palliatively, with trim-
ming of nails, proper footwear and
hygiene, or operatively. The former
is recommended for the elderly with
poor peripheral vascular supply.

Nail plate avulsion with or without
scraping of the nail bed, is a more de-
finitive treatment that is simple with
low morbidity. The deformity is usu-

ally not as severe after the first avul-
sion, and the new nail plate does not
re-generate for, at least, 6-12

Chart 4
Pathology of Onychogryphosis
1. Nail hypertrophy (germinal matrix)
- trauma
- idiopathic- "senile"
- psoriasis
2. Pachyonychia (sterile matrix)
- fungal
- psoriasis
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months, usually yielding a good cos-
metic result. Selective germinal ma-
trix excision, as described above, is
used only for severe cases; however,
this is seldom necessary, as the simpler
technique of nail-plate avulsion may
be safely repeated several times, as
necessary.

Conclusions
It is hoped that this paper has given

a logical, physiological, simple and
effective management plan of two
common toenail problems (Figure
14). Therapy based on an under-
standing of the basic physiology of
nail growth and pathology, as well as
basic principles of wound care, will
help physicians to perform the most
appropriate procedure for each indi
vidual patient. U
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