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ABSTRACT
We introduced the concept of moist wound healing to extend the limits of fingertip composite grafting. In this
retrospective study, we assessed the success of fingertip composite grafting with moist-exposed ointment
dressing, which has been shown to maintain adequate moisture for optimal healing by frequent ointment
application without the need for a secondary overlying dressing. We reviewed the outcome of composite graft
replacement of 60 amputated fingertips in 56 consecutive patients over a period of 3 years and 3 months. Forty-
two fingertips had survived completely and 18 had failed. Twelve of 15 fingers among patients younger than 15
years of age and 30 of 45 fingers among those 16 years of age and older had survived completely. We believe
that our use of antibiotic ointment to maintain a moist environment was an important factor in improving the
survival of composite grafts.
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INTRODUCTION
The fingertip is the most commonly damaged
part of the body. Its amputation involves the
possibility of loss of all its unique functions
and severe cosmetic after effects. When trau-
matic amputation happens, replantation
through microscopic vessel reanastomosis is
the most secure redemption method because
the functional and cosmetic final results are
far superior to those obtained with any local
or pedicled flap. Because of improvements in
our understanding of the vascular anatomy of
the distal digit (1—3) and advances in surgical
instrumentation and microvascular surgical
technique, replantation of distal digits, even

in young children, is no longer technically
challenging (3—5), although it is not usually
practical. Microvascular replantation is parti-
cularly difficult in a digit distal to the distal
palmar arch. If the technique fails, not only is
the digit shortened but also all its unique
functions are lost. In this case, the only possi-
ble way to achieve a full-length digit with a
normal nail complex is to use a composite
graft.
Initially, a composite graft is nourished by

diffusion, but later on, it survives through
revascularisation, like a skin graft does. The
success rate of fingertip composite grafts is
still very low because the distal regions of
grafted fingertips, which cannot be nourished
by diffusion, suffer irreversible damage before
revascularisation can occur, leading to cellular
destruction. As a rule, this technique is feasi-
ble only in young children with amputations
distal to the lunula and is not advocated for
adults because of its low success rate (6,7).
Some authors have reported excellent results
with fingertip composite grafting, whereas
others have been unable to achieve such suc-
cess; however, numbers of patients have been
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Key Points

. the fingertip is the most com-
monly damaged part of the body

. its amputation involves the possi-
bility of loss of all its unique
functions

. replantation through micro-
scopic vessel reanastomosis is
the most secure redemption
method

. the success rate of fingertip
composite grafts is still very
low because the distal regions
of fingertips which cannot be
nourished by diffusion, suffer
irreversible damage before revas-
cularisation can occur, leading to
cellular destruction

. as a rule, this technique is feas-
ible only in young children
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small (8,9). This is why surgeons still regard
this technique as uncertain and use it in adults
reluctantly and without great hope of success.
It has been demonstrated that good hydra-

tion of the external wound is the single most
important external factor responsible for opti-
mal wound healing and that moist wounds
show more rapid progression to the level of
vascularisation of uninjured skin than do dry
wounds (10—13). Furthermore, in human stu-
dies, hydration has been shown to improve
wound healing (14,15), and for this retrospec-
tive study, we reviewed the cases of patients
with fingertip amputations who had under-
gone composite grafting with application of
moist-exposed dressing to assess the survival
rate of the replantation in our institution. Our
purpose was to determine whether keeping
the wound moist, a simple measure that
most surgeons neglect, would improve the
traditionally poor results of composite graft-
ing of amputated fingertips.

PATIENTS AND METHODS

Patients
We reviewed the medical records of consecu-
tive patients who had had traumatic amputa-
tion of one or more fingertips without
concomitant trauma and who had undergone
composite grafting between March 1997 and
December 1999.
For composite grafting, minimal debride-

ment, which removes only devitalised subcu-
taneous fat and skin, and minimal diathermy
had been used. Under loupe magnification,
the skin had been accurately approximated
without tension using 5-0 nylon sutures. The
patient’s entire arm had then been immobi-
lised with an above-elbow splint for 2 weeks.
Patients had been instructed to elevate the
affected hand and to apply topical ofloxacin
ophthalmic ointment (Ocuflox�; Samil, Seoul,
Korea) once or twice per hour to the reat-
tached fingertip to maintain moisture balance
and prevent infection. Ocuflox� has been
shown to be effective against a broad range
of gram-positive and gram-negative bacteria
(16). No debridement had been performed for
2 weeks after replantation to avoid altering
the delicate vascular supply unless infection
or necrosis made it necessary.
For the purpose of this analysis, we classi-

fied the level of finger amputation as one of

three zones defined in relation to the lunula:
zone I, distal to the lunula, the sterile matrix;
zone II, at the lunula, the germinal matrix; and
zone III, proximal to the lunula (Figure 1). We
compared the success rates of the composite
grafts according to the age of the patient and
the level and type of the amputation. There
was no control data in this study, but before
introducing this moist-exposed dressing, we
had been doing many kinds of trials such as
cooling with or without aluminium foil, bolus
dressing and pocketing, but the results were
indiscriminately very poor. A review of the
literature was conducted with a Medline
search. The data comparing fingertip compo-
site graft’s survival rate with other treatments
are presented in Table 1.
We judged the success of the composite

graft on the basis of clinical notes and photo-
graphic records. Sloughing of the outer skin
layer in a grafted fingertip makes it hard to
assess the survival of a graft (7), but a great
advantage of the antibiotic ointment that had
been used is its translucency, which allowed
visual inspection of the pink wound under-
neath the outer layer of skin and thus early
assessment of the survival of the fingertip
(Figure 2). Successful replantation was
defined as complete survival of the graft with-
out the need for any additional special hand-
ling except when the outer layer of skin had
sloughed off or had been removed. Failure of
replantation was defined as partial or com-
plete necrosis of the grafted finger. w2-testing
was used to test for statistical analysis; a
P < 0�05 was considered significant.

Zone I

Zone II

Zone III

Figure 1. Classifications of fingertip amputation: zone I, dis-

tal to the lunula, the sterile matrix; zone II, at the lunula, the

germinal matrix; and zone III, proximal to the lunula. Serial

angiograms show the distal transverse palmar arch or distal

palmar arch lying adjacent to the distal phalangeal bone. From

this arch, several arterial branches arise in a longitudinal

manner and travel to the tip, where myriad fine vessels arise.
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Key Points

. it has been demonstrated that
good hydration of the external
wound is the single most import-
ant external factor responsible
for optimal wound healing

. the purpose of this study was to
determine whether keeping the
wound moist would improve
traditionally poor results of com-
posite grafting of amputated
fingertips

. patient’s entire arm had been
immobilized with an above-
elbow splint for 2 weeks

. patient had been instructed to
elevate the affected hand and to
apply topical ofloxacin opthalmic
ointment (Ocuflox) once or twice
an hour to the reattached fingertip
to maintain moisture balance and
prevent infection

. no debridement had been per-
formed for 2 weeks after replant-
ation to avoid altering the
delicate vascular supply unless
infection or necrosis made it
necessary

. we judged the success of the
composite graft on the basis of
clinical notes and photographic
records

. a great advantage of the anti-
biotic ointment that had been
used is its translucency, which
allowed visual inspection of the
pink wound and thus early
assessment of the survival of
the skin

. successful replantation was
defined as complete survival of
the survival of the graft without
the need for any additional spe-
cial handling except when the
outer layer of skin had sloughed
off or had been removed

. failure of replantation was
defined as partial or complete
necrosis of the grafted finger



RESULTS

Patients
In total, 56 paediatric and adult patients (43
males and 13 females) whose mean age was
28 years (range 1—60 years) had undergone
60 fingertip composite grafts during the study
period. Of these 60 composite grafts, grafting
had been successful in 42 and it had failed in
18. Evaluation by age revealed that grafting
had been successful in eight of ten fingers

among patients less than 6 years old, in four
of five fingers among those 6—15 years old and
in 30 of 45 fingers among those 16 years of age
and older. Assessment by level of amputation
showed that grafting had been successful in
23 of 31 fingers amputated in zone I, in eight
of 14 fingers amputated in zone II and in 11 of
15 fingers amputated in zone III. Finally,
assessment by type of amputation revealed
that grafting had been successful in 20 of 24
guillotine-type, in 20 of 32 crush-type and in
two of four avulsion-type amputations. No
statistically significant differences in graft sur-
vival were found in relation to age [P ¼ 0�68,
66�7% (percents of expected count less than
five in w2-tests)], amputation level (P ¼ 0�79,
55�6%) or type of amputation (P ¼ 0�14,
55�6%).

DISCUSSION
Composite fingertip grafting in children is an
accepted, successful procedure, but until now,
the same procedure in adults has been consid-
ered very challenging. The fingertip, like other
terminal portions of the body, i.e. the toe,
nasal tip and ear, has a unique vascular sys-
tem. The vascular anatomy of the fingertip,
important not only for microsurgical replanta-
tion but also for successful composite grafting,
has been reported in detail (1—3). In addition
to the development of microsurgical techni-
que, microscopic vessel reanastomosis has
become possible even in the distal transverse
palmar arch; however, this is feasible only
when the microsurgeon can find the proper
vessel. If it is not found or does not exist,
attention for composite grafting should be
given to the numerous fine vessels arising in
the terminal arterial branches (Figure 1). The
provision of a moist environment around the

Table 1 Comparison of clinical results of fingertip composite graft

Review of the literature

Standard group Modified group Milieu-changing (moist) group

Moist-exposed

dressing Elsahy (7)

Moiemen

and Elliot (17) Brent (18) Rose et al. (19) Douglas (9) Hirase (20)

Number of patients 56 35 50 3 7 17 11

Mean age 28 5�7 17 Adults

Number of fingers 60 35 50 4 7 17 11

Complete survival 42 21 11 2 5 15 9

Survival rate (%) 70 60 22 50 71�4 88�2 90�9

Figure 2. Photograph taken 2 weeks after composite graft-

ing shows the pink colour under the outer layer of skin, which

eventually sloughed off.
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Key Points

. in total, 56 paediatric and adult
patients had undergone 60 finger-
tip composite grafts during the
study period

. of these, grafting had been suc-
cessful in 42 and failed in 18

. evaluation by age revealed that
grafting had been successful in
eight of ten fingers among
patients less than 6 years old

. composite fingertip grafting in
children is an accepted proce-
dure but until now the same
procedure in adults has been
considered very challenging



reattached fingertip in our patients is pre-
sumed to have increased the success rate of
inosculation of these fine vessels.
Composite grafting should not be the first

approach to fingertip replantation; instead, it
should be the solution attempted only after the
microsurgeon has been unable to find the
proper vessel for microanastomosis. Avoiding
damage to the surrounding tissues during the
search for the proper vessel should be the pri-
mary concern. Damage to the fine vessels aris-
ing from two or three vessels of the distal
transverse palmar arch branch has serious con-
sequences for the survival of the composite
graft. Other important aspects of graft survival
are preventing the creation of any dead space
through the use of minimal debridement and
maintaining a moist dressing for 2 weeks,
except in cases of infection or tissue necrosis.
The factors associated with the success of

composite grafting have not been fully eluci-
dated. Fingertip composite grafting has been
grouped into three approaches in published
articles: standard replacements (7,17), modified
replacements (18,19) and attempts to increase
the survival rate by changing the milieu of
the graft after surgery (9,20) (Table 1). Of
these three approaches, milieu-changing has
achieved the highest level of success. Douglas
(9) reported successful replantation in 15 of 17
amputations at various levels. He meticulously
replanted and then kept the dressings wet with
normal saline. Hirase (20) used ice water and
aluminium foil to retard cellular degeneration
and reported complete survival in nine of ten
grafts. Ice water and aluminium foil seem most
likely to keep the wound moist because the
former, as the source of moisture, and the latter
prevent evaporation and maintain the moist-
ure. Although the total number of patients in
both those studies was small, and the patients’
age distribution was not mentioned, the results
are far superior to those achieved with the other
two approaches (7,17,18).
Our use of composite grafting with moist-

exposed dressing could be considered one of
these third types of approach. We also
achieved high success rates. Furthermore, our
technique is even simpler and is more effective
at keeping the wound moist. Finally, the total
number of patients in our series is the largest
reported to date, as far as we know.
We believe there are several reasons why

keeping a moist environment is an important

factor for composite graft survival. It has been
confirmed that wounds reepithelialise more
rapidly under moist conditions than they do
under dry ones (10,11,21,22). A moist wound
environment prevents the development of
dermal necrosis, which is the most common
finding with exposure to air. An open wound
exposed to air for 2—3 hours dehydrates
quickly, and in this time, the dermis can
become necrotic to a depth of 0�2—0�3 mm
(23). The desiccated dermis prevents epithelial
cell proliferation, migration and differentia-
tion. In this study, we had kept the reattached
fingertip moist with an antibiotic ointment. As
a result, shrinkage of the replantation did not
occur to any notable degree (Figure 3B).
Furthermore, the appearance of turgidity sug-
gested that the implant was hydrated (14,15),
necrotic infection had not developed and fine
reepithelialisation was observed underneath
the outer keratin layer. Another advantage of
a moist environment is that it minimises cel-
lular deformity of the fingertip and keeps fine
vessels open until inosculation and neovascu-
larisation can occur and prevents eschar,
which may be a cause of mechanical tissue
compression that contributes to cellular
destruction before new vessels form. The con-
striction caused by dermal necrosis could be
especially great when a circular amputated
fingertip becomes dehydrated. A third advan-
tage of a moist environment is that it may
increase the rate of angiogenesis. Dyson et al.
(10,24) have stated that wounds maintained in
a moist environment presented more endothe-
lial cells and revascularised at a greater rate
than did those maintained in a dry environ-
ment. After all, vessel inosculation is very
important because revascularisation is essen-
tial for the survival of composite grafts, and a
moist environment is thought to be a positive
factor. High survival rate of our composite
graft series in a moist environment provides
some insight into the counterevidence of
increased revascularisation. In one case, the
reattached fingertip was removed at the
patient’s request 2 weeks after surgery. A his-
tological examination showed progress of
necrosis in the distal parts but evidence of
capillary and fibroblast proliferation in the
proximal region (Figure 4). Recently, in an
established porcine model, we compared
skin composite graft take rates in wet, moist
and dry environments. The results showed
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Key Points

. composite grafting should not
be the first approach to finger-
tip replantation

. it should be the solution
attempted only after the micro-
surgeon has been unable to
find the proper vessel for
microanastomosis

. avoiding damage to the sur-
rounding tissues during the
search for a proper vessel
should be of primary concern

. the factors associated with the
success of composite grafting
have not been fully elucidated

. a moist wound environment
prevents the development of
dermal necrosis which is the
most common finding with
exposure to air



that the survival rates of wet and moist groups
were significantly higher than those of dry
group. By postoperative 3 weeks in moist con-
dition, good neovascularisation was observed
between the graft and lower portion of the

recipient (25). A fourth advantage is that main-
taining a moist environment has been shown to
reduce inflammation and accelerate the inflam-
matory phase (12). The pathophysiology of
composite graft failure probably involves

A

B

C

D

E

Figure 3. (A) Preoperative photograph of the fingers of a 31-year-old patient who had sustained a complete amputation of the

right index fingertip in zone III. (B, C) Completion of a fingertip composite grafting. (D, E) The successful graft 3 months after

grafting.
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ischaemia-induced inflammation with resul-
tant leucocytic infiltration and tissue oedema,
leading to thrombosis (26). The antibiotic oint-
ment may have reduced inflammation.
Even successful fingertip composite grafts

have some additional problems. First, com-
plete healing takes a long time. After the
outer layer of skin falls off in about 2 weeks,
the red, single-layer epithelium is visible. It
takes another 2—3 weeks for this to grow
thick and attain the colour of normal epider-
mis. Second, the replantation shrinks over
time. If this shrinkage is severe, it can cause
a hooked nail deformity. Further research is
required on the degree of shrinkage and sen-
sation recovery according to injury type and
patient age.
We found a slightly higher complete survi-

val rate in patients who were 6 years of age
and younger than we did in those who were
16 years of age and older, but this difference
was not statistically significant. We found no
significant differences in survival related to
amputation level or type statistically but a
higher survival rate in guillotine-type and
zone I. Although further follow-up and more
cases are needed before a general statement
can be made about the relationship between
composite grafts and age, amputation level
and amputation type, we believe that the use
of moist-exposed dressings should improve
the success rate associated with fingertip com-
posite grafting.
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