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� Clarify the anatomy of the nail complex and finger pulp.
� State the epidemiology of fingertip injuries, including prevalence and distribution.
� Distinguish the different classifications of fingertip injuries and amputations.
� Elaborate on different treatment options of fingertip amputations from the least
invasive to replantation.

� Review the treatment outcomes and complications of fingertip injuries.
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Injuries to the fingertips are among the most common injuries to the hand and result in approxi-
mately 4.8 million emergency department visits per year. Most injuries are lacerations or crushes;
amputations represent a small but complex spectrumof injury. Treatments available cover a broad
range of techniqueswith no single recommended reference standard for treatment. Although there
is no consensus on how these injuries should be treated, the goals of treatment should include
minimization of pain, optimization of healing time, preservation of sensibility and length, pre-
vention of painful neuromas, avoidance or limiting of nail deformity, minimization of time lost
fromwork, andprovision of an acceptable cosmetic appearance. In this reviewwepresent a variety
of options in caring for these injuries to help achieve these goals, and the available data that support
the various treatment plans. (JHandSurgAm. 2014;39(10):2093e2101.Copyright� 2014by the
American Society for Surgery of the Hand. All rights reserved.)
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T HE FINGERTIP IS A SPECIALIZED structure that al-
lows fine motor activity and sensation during
prehension, and also contributes to the aes-

thetics of the hand. As the first portion of the upper
extremity to interact with the environment during
exploratory and manipulative functions, the fingertip
is particularly vulnerable to injury. Fingertip injuries
affect soft tissue, bone, or nail distal to the insertions
of the long digital flexor and extensor tendons of the
fingers or thumb. Most fingertip injuries are lacera-
tions or crush injuries; amputations represent a small
but complex spectrum of injury with no single rec-
ommended reference standard for treatment. How-
ever, suboptimal management can result in persistent
pain, abnormal sensation, nail deformity, joint stiff-
ness in the involved digit, and reduced grip strength.

2094 MANAGEMENT OF FIN
ANATOMY
The fingertip is composed of multiple specialized
structures (Fig. 1), all of which must be considered
when evaluating and treating injuries. The nail is a
prominent feature of the fingertip and fulfills a func-
tional role by protecting the dorsal surface of the
phalanges, improving sensory perception, facilitating
pinch, and making scratching possible.1 In addition,
the fingernail has a cosmetic role. The nail complex
itself is divided into specific parts: nailbed, nail plate,
eponychium (cuticle), perionychium, and hypo-
nychium. The nailbed consists of 2 parts: the proximal
germinal matrix and the distal sterile matrix. The
junction between these 2 parts is defined by the lunula.
Only the germinal matrix produces ungula keratin; the
sterile matrix’s main function is nail plate adherence.
The absence of dermis and subcutaneous tissue be-
tween the nail matrix and the underlying distal phalanx
may increase the risk for osteomyelitis after open in-
juries. The nail plate is composed of onchyn, a kera-
tinous substance produced by the death of the
germinal cells as they are pushed upward from the
germinal matrix. The proximal portion of the nail
plate, concealed under the eponychium, is often
referred to as the nail root. The eponychium and
paronychium form the proximal and lateral soft tissue
borders of the nail, respectively. The hyponychium is
a plug of keratinous material situated beneath the
distal edge of the nail where the nailbed meets the skin.
The rate of nail longitudinal growth depends on the
patient’s age, sex, and habits; it averages 0.1 mm/d.

The epidermis of the fingertip is thick with deep
papillary ridges that produce unique fingerprints. The
deeper pulp consists ofmultiplefibrous bands extending
from the dermis to the periosteum of the distal phalanx,
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the bony core of the fingertip, creating a latticework of
separate septal compartments containing fat. The pulp
constitutes over half of the fingertip volume and its
intimate association with the underlying bone via the
septa has a crucial role in grip.

Arborization of the digital arteries and nerves to
the fingertip occurs near the distal interphalangeal
(DIP) joint, where the nerve lies volar to the artery.
The proper digital artery sends a branch to the nail-
fold, nailbed, and pulp. Each digital nerve sends a
branch to the paronychium, tip of the finger, and
pulp. As the primary organ of touch, the fingertip is
abundantly supplied with sensory receptors including
Pacinian and Meissner corpuscles, and Merkel cell
neurite complexes.
EPIDEMIOLOGY
Injuries to the fingertips are among the most common
ones to the hand, accounting for 4.8million emergency
department visits per year.2 In the pediatric population
fingertip injuries account for two thirds of all hand
injuries, with the most common mechanism of injury
being a crush between a door and its frame.3,4

In contrast, in adults lacerations predominate, fol-
lowed by crush and avulsion injuries. The most
commonly involved digits are the index finger, thumb,
and middle finger. The nondominant hand is most
frequently involved and most injuries involve a single
digit.
DIAGNOSIS
In addition to patient-related factors such as age, hand
dominance, general health, occupation, and hobbies,
the history should also include the time andmechanism
of injury. Any conditions that could compromise
regional blood flow and thereby limit reconstructive
options, such as diabetes, tobacco use, or vasospastic
disorders, should be duly noted. The injured finger
should be evaluated to determine size, location, and
geometry of any pulp defect, degree of nailbed
involvement, and the presence or absence of exposed
bone. After sensory evaluation, a more thorough ex-
amination may require analgesia and establishment of
a bloodless field. A digital block will usually be
adequate but in select individuals this may require
supplementation with opioids. Local anesthetic may
safely be used for this block with or without epineph-
rine.5 Radiographs should be obtained of the injured
finger, and also of the amputated part if replantation is
being considered.

To facilitate documentation and treatment planning
during evaluation of fingertip amputations, several
l. 39, October 2014



FIGURE 1: Anatomy of the fingertip.
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classification systems have been proposed. Two sim-
ple systems are the Allen6 and Fassler7 classification
schemes (Fig. 2). The classification by Allen is based
on the level of amputation whereas the Fassler system
is based on the geometry of pulp loss and whether
bone is exposed. Both these systems can be useful for
communication or documentation but have limitations
in guiding treatment because they fail to define the
blood supply at the level of amputation. Vascular
supply is defined in the classification by Tamai,8

which identifies 5 zones within the digits, of which
zones 1 and 2 (Fig. 3) represent levels of injury within
the anatomical area encompassed by the fingertip.
More proximal zones in the Tamai classification
include zone 3 between the base of the proximal
phalanx and interphalangeal joint of the thumb or
between the midsection of the middle phalanx and the
DIP joint of the other fingers. Zone 4 consists of the
classic flexor tendon zone 2 where the 2 finger flexor
tendons overlap between the palmar crease and the
proximal interphalangeal joint flexor crease, and zone
5, which is the level proximal to the base of the
proximal phalanx of the thumb or proximal to the
metacarpophalangeal joint in the fingers.

Recently, the more detailed PNB classification
system was described by Evans and Bernadis,9 based
on damage to the 3 main components of the fingertip:
pulp (P), nail (N), and bone (B) (Table 1, Fig. 4). By
assigning single digit grades to each of these 3
anatomical components the system allows for gener-
ation of a 3-digit code that describes the extent and
type of injury in more detail. The PNB system has
been used successfully by 1 group to differentiate in-
juries that could be managed conservatively from
those that required operative intervention.10 However,
J Hand Surg Am. r Vo
in another study the PNB classification was thought to
be too complex for everyday clinical use, and inter-
observer reliability was questioned.11
TREATMENT
The goals of treatment should include minimization of
pain, optimization of healing time, preservation of
sensibility and length, prevention of painful neuromas,
avoiding or limiting nail deformity, minimizing time
lost from work, and providing an acceptable cosmetic
appearance. To accomplish these goals, treatment
should be individualized based on the mechanism of
injury, amputation level, and orientation of the wound.

Replantation of fingertip amputations is a technically
challenging but effective method of treatment.12 Con-
traindications to replantation include lack of micro-
surgical capability, lack of suitable vessels, and crush
injuries. The type of injury most amendable to this is a
sharp clean amputation at Tamai level 2. This treatment
can also be applied successfully to oblique pulp level
amputations extending into Tamai level 2 (Fig. 5) and
to Tamai level 1 amputations.13 These distal level re-
plantations required little or no formal rehabilitation
because at Tamai level 1 no joints or tendons are in-
volved, and at Tamai level 2 the DIP joint can be fused.

When performing these distal replantations at least
one artery should be anastomosed, and a vein
whenever possible. In the absence of acceptable veins
at the time of initial replantation, use of leeches,
continuous exsanguination through pulp puncture or
nailbed abrasion, or planned reexploration within 24
hours when veins often become more visible are all
viable options. Most reports supporting fingertip
replantation originate from countries other than the
l. 39, October 2014



FIGURE 3: Tamai zone 1 is at the level of the lunula. Replan-
tation at this level requires repair of either the central artery where
it forms from the 2 digital arteries or at least 1 of the individual
digital arteries. The subdermal palm veins are available at this
level for repair. In addition, repair of the nailbed is required.
Tamai Zone 2 is between the DIP joint and the nail matrix. Two
digital arteries are consistently available at this level, as well as at
least 1 dorsal central vein.

FIGURE 2: Allen and Fassler classifications for fingertip ampu-
tation. Allen 1 has no suitable vessel or anastomosis; Allen 2
preserves at least one-half of the nailbed and has no dorsal vein
available for anastomosis; Allen 3 is similar to Allen 2 with re-
gard to vascular supply, and when treated other than by replan-
tation it has a high incidence of hook nail deformity if the
remaining nailbed is not ablated; and Allen 4 is proximal to the
nailfold and a dorsal vein can usually be found that is appropriate
for anastomosis. Fassler classification is descriptive of injury
geometry. Orientation in Fassler A and B is volar oblique (A does
not involve the nailbed and B does), in Fassler C it is transverse,
and in Fassler D it is dorsal oblique.
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United States, where maintaining a hand normal in
appearance and structure is of cultural importance.

Alternatives to replantation are many and include
revision amputation with bony shortening and pri-
mary closure, allowing the stump wound to heal by
secondary intention, composite grafting, skin graft-
ing, or local and regional flaps. Many of these tech-
niques can be done at the time of initial evaluation
and performed in the emergency department or a
procedure room with only local anesthesia. Alterna-
tively, based on surgeon preference and equipment
availability, the patient may be taken to the operating
room for definitive care.

After determining that a replant is not indicated,
treatment should be undertaken after an adequate digital
block is obtained.Hemorrhage canbe controlled initially
J Hand Surg Am. r Vo
by compression and elevation, but to achieve a bloodless
field, application of a digital tourniquet constructed from
a Penrose drain will probably be necessary.

Before or after application of the digital tourniquet
the wound should be copiously irrigated with normal
saline and then cleansed with an appropriate aqueous
antiseptic solution such as povidone-iodine. This should
be followed by debridement of all nonviable soft tissue
although excessive debridement of the nailbed should
be avoided to prevent scarring that can lead to non-
adherence of the nail.1

Composite grafting is an alternative to microsur-
gical replantation in select instances.14 In this tech-
nique the severed tip is sutured directly to the finger
after appropriate cleaning and debridement to include
defatting and often removal of residual bone. In the
past, this technique was primarily recommended for
children under age of 5 years; however, it has been
suggested that success in adults may be enhanced by
(1) maximizing contact area by shaping the graft into
l. 39, October 2014



TABLE 1. Pulp, Nail, and Bone Classification for Fingertip Injuries

Pulp Nail Bone

0: No injury 0: No injury 0: No injury

1: Laceration 1: Sterile matrix laceration 1: Tuft

2: Crush 2: Germinal and sterile matrix laceration 2: Comminuted nonarticular

3: Loss—distal transverse 3: Crush 3: Articular

4: Loss—palmar oblique partial 4: Proximal nailbed dislocation 4: Displaced basal

5: Loss—dorsal oblique 5: Loss—distal third 5: Tip exposure

6: Loss—lateral 6: Loss—distal two-thirds 6: Loss—distal half

7: Loss—complete 7: Loss—lateral 7: Loss—subtotal

8: Loss—complete 8: Loss—complete

FIGURE 4: Examples of application of the PNB classification in fingertip amputation.
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a cap thatfits over the skeletonized distal phalanx of the
injured finger, (2) cooling the graft with ice, (3) phar-
macologic treatment, and (4) hyperbaric oxygen.15 In
adults, composite grafting may also be extended by
subcutaneous pocketing of the amputated part, a
technique initially described by Brent16 in 1979 and
recently modified to palmar pocketing with good suc-
cess by Jung et al,17 in whose study 9 of 10 tips had
complete survival and 1 underwent 20% partial loss.
In this recent study 2 cases extended to Tamai level 2
and all 10 cases resulted in cosmetically acceptable
fingernail regrowth.

When replantation or composite grafting cannot be
performed, the next branch in the decision tree is whether
to allow the wound to close by secondary intention or
consider alternative surgical techniques. Predictors of
need for surgical closure include volar oblique injury,
exposed bone, an associated distal phalanx fracture, and a
J Hand Surg Am. r Vo
soft tissue defect larger than 1.75 cm2; occupation has not
been found to be a determinant for surgical closure.18

When choosing to treat fingertip amputations by
secondary intention several dressings have been recom-
mended, including occlusive dressings, semiocclusive
dressings, simple nonadherent sterile dressings,19 and
subatmospheric techniques.20 Although it has proven
effective for a variety of patterns of injury, this treatment
method probably gives the best aesthetic and functional
results when applied to Allen level I injuries.

A contributing factor in poor aesthetics with closure
by secondary intention is bone shortening. Removal of
bone results in loss of support for the nail, which is then
further distorted by wound contracture, resulting in a
hook nail deformity. To prevent this complication it has
been recommended that the nailbed be excised for 2mm
proximal to the shortenedbone.21However, the need for
covering or cutting back exposed bone may not be
l. 39, October 2014



FIGURE 5: A Tamai level 2 volar oblique pulp amputation. B After completion of microsurgical replantation. C Four-month follow-up.
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absolute, as shown by Hoigne et al,22 who treated a
series of 19 fingertip amputations distal to the DIP joint
with semiocclusive dressing alone and observed
regeneration of soft tissue thickness to nearly 90%of the
baseline.

Skin grafting can be useful when the patient is
unwilling or unable to manage an open wound for a
month or more. Skin grafts still require time to
mature and become durable coverage. They cannot
be applied directly over exposed bone and normal
graft contracture may contribute to hook nail defor-
mity. Less contracture occurs with full-thickness skin
grafts as opposed to split-thickness skin grafts but
both have been used successfully. Unfortunately,
although it is a simple technique that will result in a
closed wound, skin grafting has provided inconsis-
tent outcomes for fingertip injuries. Increased cold
intolerance, lack of durability, and persistent tip
tenderness are common problems after skin grafting;
for these reasons this method of wound closure
should only be used when other alternatives are not
available.19
J Hand Surg Am. r Vo
Other well-described surgical techniques for wound
closure after fingertip amputation include a single
volar V-Y advancement flap, combined radial and
ulnar V-Y advancement flaps, the cross-finger flap,
and the thenar flap.23 Flap choice is usually based on
wound geometry and size and finger involved. With
transverse amputations at Allen level 2 or 3 a single
volar V-Y advancement flap is used more commonly
than combined radial and ulnar V-Y advancement
flaps. The single volar V-Y advancement flap is best
used for dorsal oblique (Fassler D) geometry and
Allen 2 injuries and is often combined with some
degree of bone shortening. Key points in elevating the
volar V-Y flap are not extending the incisions prox-
imal to the DIP joint flexion crease and not gaining
flap mobility by incising deep to the epidermis, but
instead by sharply releasing the fibrous septa from the
distal phalanx.

Volar oblique/pulp amputations (Fassler B) that
are not candidates for replantation can be efficiently
covered by cross-finger flaps. Cross-finger flaps can
also be used in transverse Allen level 2 and 3 injuries.
l. 39, October 2014



FIGURE 6: Depiction of reverse homodigital island flap.
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In brief, a flap is raised on the dorsum of the adjacent
digit over the middle phalanx and is sutured to the
primary defect. When raising the flap the paratenon
covering the extensor apparatus is preserved. The dorsal
secondary defect is covered with a full-thickness skin
graft and the flap undergoes pedicle division and final
inset in 14 days.

The thenar flap is another option for coverage of
transverse Allen level 2 and 3 injuries to the middle
and index fingers. Similar to the cross-finger flap, a
10- to 14-day period of immobilization in a non-
anatomical position is required, and in most but not
all instances the donor site requires skin grafting for
closure.

Multiple alternative flaps to the heterodigital cross-
finger and thenar flaps have been proposed. Flaps that
eliminate the need for intrusion on adjacent digits by
immobilization and creation of a donor defect are the
reverse homodigital island flap24 (Fig. 6) and the
recently reviewed anterograde homodigital neuro-
vascular island flap.25

The reverse homodigital island flap (Fig. 6) is based
on the anastomoses that exist between the radial and
ulnar digital arteries by the 3 transverse digital palmar
arches that are constantly located at the level of the
proximal cruciate ligament and distal cruciate liga-
ment, and distal to the flexor digitorum profundus
insertion. Venous outflow is provided by tiny venules
and capillaries in the periarterial soft tissue. Of these
3 transverse arterial anastomoses the middle and dis-
tal are consistently large (almost 1 mm), which
means that this flap is indicated for both Tamai zone 1
and 2 amputations or all Allen levels. In addition to
providing coverage for multiple levels of amputation,
the flap may also be harvested with a dorsal sensory
branch of the digital nerve directly reinnervated by
neurorrhaphy to a digital nerve stump at the level of
amputation. The need for this reinnervation, however,
remains controversial because the flap seems to
comparably reinnervate without this step.
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COMPLICATIONS
Complications are common after fingertip amputation
with most if not all reconstruction options. Complica-
tions include nail deformities, loss of pinch strength,
loss of or alteration in sensation, cold intolerance, joint
stiffness, painful neuromas, cosmetic concerns, and
prolonged time away from work that often seems
disproportionate to the magnitude of the injury. Suc-
cessful replantation does not prevent many of these
problems andmost unfortunately cannot be adequately
corrected.
J Hand Surg Am. r Vo
Short nails and hook deformity are also common
complications. Short nails may be lengthened by
de-epithelializing a thin strip of dorsal skin proximal
to the eponychium and advancing the dorsal fold
to allow for more nail exposure (Fig. 7).26 In the
instance of a short nail associated with an amputation
proximal to the distal edge of the lunula, nailbed
ablation may be the only reasonable alternative. Hook
nails can be corrected to a degree by the antenna
procedure (Fig. 8).27

A variety of methods of treatment for painful ter-
minal neuromas have been described and recently re-
viewed.28 Those techniques most applicable to dealing
with painful digital neuromas associated with fingertip
amputations are resection and/or transposition to bone,
centro-centralization, or flap coverage with neuro-
rrhaphy of the inciting nerve to a nerve within the flap.
The reverse homodigital island flap has been success-
fully used for the neurorrhaphy technique,29 a finding
that further supports its use as an innervated flap in
primary repair of many fingertip amputations.
OUTCOMES
Although the upper extremity is affected in one third
of all traumatic injuries and hand injuries account for
5% to 10% of emergency department visits, outcome
studies that directly compare the multiple reported
methods of treatment for fingertip amputations are
rare. Braun et al30 in 1985 compared primary closure
with split-thickness skin grafting in 100 fingertip
amputations and found no significant differences in
outcome. They did find that most problems presenting
at 6 weeks persisted at 42 weeks, bone shortening
produced a mobile amputation stump tip, and although
not statistically significant, skin grafting only reduced
l. 39, October 2014



FIGURE 7: A Dorsal fold advancement flap design to increase nail exposure. B Proximal de-epithelialization of bed for flap
advancement. C Following dorsal fold flap advancement into area of de-epithelialization.

FIGURE 8: A Hook nail deformity following fingertip amputa-
tion treated with bony shortening. B Completed elevation of nail
bed by antenna procedure. Pulp may then be reconstructed with a
V-Y advancement flap.
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time away from work by 6 days compared with pri-
mary closure with residual skin flaps. A more recent
study from Japan directly comparing amputation
closure with replantation equally distributed among 46
amputations found that the Disabilities of the Arm,
Shoulder, and Hand score of the replant group was
significantly better.31 All replant patients were highly
or fairly satisfied with the results, whereas only 14
patients in the amputation closure group were highly
J Hand Surg Am. r Vo
or fairly satisfied. The tradeoffs for this increased pa-
tient satisfaction were increased hospital stay and
greater time away from work.

A retrospective study from The Netherlands
further explored outcome with treatments other than
replantation by comparing 59 Allen 2, 3, and 4
amputations in 53 patients treated by reconstruction,
bone shortening and primary closure, and wound
dressings alone (conservative group).32 The recon-
struction group included full-thickness skin grafts,
composite grafting, and a variety of flaps. No statis-
tically significant differences were found with regard
to strength, reduction in mobility, cold intolerance,
nail deformities, aesthetics, or time away from work.
Cold intolerance occurred in 84.7% of the fingers and
nail deformities were present in 89.8% of the digits,
with hook nail deformity accounting for the defor-
mity 47.5% of the time.

Another recent retrospective study tried to deter-
mine indications for operative intervention and
whether it offered any advantage.18 The study looked
at 100 tip injuries (including 18 thumbs) classified by
mechanism of injury (crush, laceration, or avulsion)
and Fassler orientation. The investigators found
that patients requiring operative intervention had a
significantly longer time to return to work than those
not receiving surgery (4.33 vs 2.98; P ¼ .001). Sur-
geries included nail plate removal, full-thickness skin
graft, completion amputation, and cross-finger, V-Y
advancement, thenar, and first dorsal metacarpal artery
flaps. Patients requiring surgery were more likely to
have volar oblique (Fassler B), exposed bone, an
associated distal phalanx fracture, and a larger soft
tissue defect. Multivariate analysis failed to show
l. 39, October 2014
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exposed bone to be an independent predictor of need
for surgical intervention.

In conclusion, the fingertip represents a complex
anatomic unit that is susceptible to a high rate of
injury because of its function as the initial point of
contact with our environment. Treatment of fingertip
amputations to this point has been largely individu-
alized based on the characteristics and mechanism of
the amputation; level of amputation; individual needs
and desires of the patient; cultural values; and skill,
beliefs, and experience of the treating surgeon. How-
ever, despite the frequency of this injury, there has
been no reference standard for treatment established.

What few comparative treatment data that exist
seem to indicate that more consideration should be
given to replantation whenever possible because
functional outcome appears to be better than ampu-
tation closure. Flap reconstruction also seems to offer
little advantage in general over closure by secondary
intention except in special instances that are poorly
defined to date. One exception is primary use of the
homodigital island flap, not only because it largely
confines donor morbidity to the injured digit but also
because it has evolved as a possible treatment for stump
neuroma, a complication that other forms of treatment,
with the exception of replantation, do not prevent.

Further development of injury classifications such
as the PNB with high interobserver validation that are
linked to treatment algorithms will help make treat-
ment more uniform and less based on individual
beliefs.
C
ur
re
nt

C
on

ce
pt
s

REFERENCES

1. Tos P, Titolo P, Chirila NL, Catalano F, Artiaco S. Surgical treat-
ment of fingernail injuries. J Orthopaed Traumatol. 2012;13(2):
57e62.

2. Sorock GS, Lombardi DA, Hauser RB, Eisen EA, Herrick RF,
Mittleman MA. Acute traumatic occupational hand injuries: type,
location, and severity. J Occup Environ Med. 2002;44(4):345e351.

3. Ljungberg E, Rosberg H, Dahlin L. Hand injuries in young children.
J Hand Surg Br. 2003;28(4):376e380.

4. GellmanH. Fingertip-nail bed injuries in children: current concepts and
controversies of treatment. J Craniofac Surg. 2009;20(4):1033e1035.

5. Chowdhry S, Seidenstricker L, Cooney DS, Hazani R, Wilhelmi BJ.
Do not use epinephrine in digital blocks: myth or truth? Part II. A
retrospective review of 1111 cases. Plast Reconstr Surg. 2010;
126(6):2031e2034.

6. Allen MJ. Conservative management of finger tip injuries in adults.
Hand. 1980;12(3):257e265.

7. Fassler PR. Fingertip injuries: evaluation and treatment. J Am Acad
Orthop Surg. 1996;4(1):84e92.

8. Tamai S. Twenty years’ experience of limb replantation review of
293 extremity replants. J Hand Surg Am. 1982;7(6):549e556.

9. Evans D, Bernardis C. A new classification for fingertip injuries.
J Hand Surg Br. 2000;25(1):58e60.
J Hand Surg Am. r Vo
10. Muneuchi G, Tami M, Igawa K, Kurokawa M, Igawa H. The PNB
classification for treatment of fingertip injuries: the boundary between
conservative and surgical treatment. Ann Plast Surg. 2005;54(6):
604e609.

11. Pinsolle V, Salmi D, Evans DM, Michel P, Pelissier P. Reliability of
the pulp nail bone (PNB) classification for fingertip injuries. J Hand
Surg Eur Vol. 2007;32(2):188e192.

12. Venkatramani H, Sapapathy SR. Fingertip replantation: technical
considerations and outcome analysis of 24 consecutive fingertip re-
plantations. Indian J Plast Surg. 2011;44(2):237e245.

13. Chen SY, Wang CH, Fu JP, Chang SC, Chen SG. Composite grafting
for traumatic fingertip amputation in adults: technique reinforcement
and experience in 31 digits. J Trauma. 2011;70(1):148e153.

14. Yoshimura M. Indications and limits of digital replantation. Japan
Medical Association Journal. 2003;46:460e467.

15. Freedman HIF, Fitzmaurice M, Lefaivre JF, Vecchiolla T, Clarke D.
An evidence-based appraisal of the use of hyperbaric oxygen on flaps
and grafts. Plast Reconstr Surg. 2006;117(7 suppl):175Se190S.

16. Brent B. Replantation of amputated distal phalangeal parts of fingers
without vascular anastomosis, using subcutaneous pockets. Plast
Reconstr Surg. 1979;63(1):1e8.

17. Jung MS, Lim YK, Hong YT, Kim HN. Treatment of fingertip
amputation in adults by palmar pocketing of the amputated part. Arch
Plast Surg. 2012;39(4):404e410.

18. Weichman KE, Wilson SC, Samra F, Reavey P, Sheel S,
Haddock NT. Treatment and outcomes of fingertip injuries at a large
metropolitan public hospital. Plast Reconstr Surg. 2013;131(1):
107e112.

19. Lemmon JA, Janis JE, Rohrich RJ. Soft-tissue injuries of the
fingertip: methods of evaluation and treatment. An algorithmic
approach. Plast Reconstr Surg. 2008;122(3):105ee1117e.

20. Aydin U, Ozbek S, Akin S, Ozyurtlu M. Custom subatmospheric
dressing for fingertip injuries. Tech Hand Up Extrem Surg.
2011;15(2):104e105.

21. Pandya AN. Prevention of parrot beak deformity in fingertip injuries.
Hand Surg. 2001;6(2):163e166.

22. Hoigne D, Hug U, Schurch M, von Wartburg U, Meoli M. Semi-
occlusive dressing for the treatment of fingertip amputations with
exposed bone: quantity and quality of soft-tissue regeneration.
J Hand Surg Eur Vol. 2013 May 29. [Epub ahead of print].

23. Rayan GM, Chung KC, eds. Flap Reconstruction of the Upper
Extremity: A Master Skills Publication. Rosemont, IL: American
Society for Surgery of the Hand; 2009.

24. Huang YC, Liu Y, Chen TH. Use of homodigital reverse island flaps
for distal digital reconstruction. J Trauma. 2010;68(2):429e433.

25. Katz RD. The anterograde homodigital neurovascular island flap.
J Hand Surg Am. 2013;38(6):1226e1233.

26. Adani R, Marcoccio I, Tarallo L. Nail lengthening and fingertip
amputations. Plast Reconstr Surg. 2003;112(5):1287e1294.

27. Atasoy E, Godfrey A, Kalisman M. The “antenna” procedure for the
“hook-nail” deformity. J Hand Surg Am. 1983;8(1):55e58.

28. Watson J, Gonzalez M, Romero A, Kerns J. Neuromas of the hand
and upper extremity. J Hand Surg Am. 2010;35(3):499e510.

29. Kakinoki R, Ikeguchi R, Atiyya AN, Nakamura T. Treatment of
posttraumatic painful neuromas at the digit tip using neurovascular
island flaps. J Hand Surg Am. 2008;33(3):348e352.

30. Braun M, Horton RC, Snelling CF. Fingertip amputation: review of
100 digits. Can J Surg. 1985;28(1):72e75.

31. Hattori Y, Doi K, Ikeda K, Estrella EP. A retrospective study of
functional outcomes after successful replantation versus amputation
closure of single fingertip amputations. J Hand Surg Am. 2006;31(5):
811e818.

32. van den Berg WB, Vergeer RA, van der Sluis CK, Ten Duis HJ,
Werker PM. Comparison of three types of treatment modalities on the
outcome of fingertip injuries. J Trauma Acute Care Surg. 2012;72(6):
1681e1687.
l. 39, October 2014

http://refhub.elsevier.com/S0363-5023(14)00501-2/sref1
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref1
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref1
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref1
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref2
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref2
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref2
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref2
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref3
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref3
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref3
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref4
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref4
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref4
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref5
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref5
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref5
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref5
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref5
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref6
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref6
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref6
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref7
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref7
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref7
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref8
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref8
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref8
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref9
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref9
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref9
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref10
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref10
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref10
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref10
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref10
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref11
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref11
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref11
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref11
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref12
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref12
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref12
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref12
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref13
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref13
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref13
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref13
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref14
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref14
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref14
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref15
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref15
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref15
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref15
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref16
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref16
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref16
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref16
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref17
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref17
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref17
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref17
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref18
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref18
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref18
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref18
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref18
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref19
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref19
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref19
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref19
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref20
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref20
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref20
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref20
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref21
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref21
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref21
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref22
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref22
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref22
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref22
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref23
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref23
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref23
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref24
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref24
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref24
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref25
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref25
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref25
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref26
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref26
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref26
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref27
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref27
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref27
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref28
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref28
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref28
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref29
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref29
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref29
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref29
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref30
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref30
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref30
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref31
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref31
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref31
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref31
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref31
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref32
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref32
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref32
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref32
http://refhub.elsevier.com/S0363-5023(14)00501-2/sref32

	Management of Fingertip Amputations
	Disclosures for this Article
	Editors
	Authors
	Planners

	Learning Objectives
	Anatomy
	Epidemiology
	Diagnosis
	Treatment
	Complications
	Outcomes
	References


