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INTRODUCTION
The fingertip is a highly sensate structure, with exqui-

site mobility and stability. However, fine dexterity comes at 
the expense of vulnerability to injury.

Fingertip and nail bed injuries account for over two-
thirds of all pediatric hand injuries.1 They can be caused 
by sharp injuries, resulting in clean lacerations, or more 
commonly blunt trauma. Nail bed injuries include sub-
ungual hematomas, simple or stellate lacerations, crush 
injuries, and avulsions (Fig. 1),2 and the trauma is often 
underestimated.3 The commonest mechanism is via a 
crush injury of the middle finger in a closing door in the 
home environment,4 despite the presence of adults.5

Suboptimal management of pediatric fingertip inju-
ries can lead to lasting functional, cosmetic, psychological, 
and economic consequences.6 A recent Cochrane review 

highlighted that high-level evidence in management 
is lacking7 and nonuniformity is accordingly reported 
between care providers.8 Herein, the need for level I data 
and preventative measures is recognized.

METHODOLOGY
The PubMed database was searched from March 2001 

to March 2019, using a combination of MeSH terms and 
keywords. Studies evaluating children (<18 years of age) 
and the fingertip (distal to the distal interphalangeal joint 
[DIPJ]) were included following independent screen-
ing by the authors. The literature search was conducted 
using the PRISMA guidelines, and the search strategy is 
included (Fig. 2). GRADE assessment9 was used to assess 
the quality of evidence.

EPIDEMIOLOGY
Fingertip injuries in children are the most common 

hand injury to present in the emergency departments 
(EDs).2 In the United States, almost 700,000 children are 
treated annually for door-related distal tip injuries alone.10 
Children (particularly males) under 5 years old underwent 
the highest annual rate of finger amputations (18.8/100,000 
population).11 A large retrospective study highlighted that 
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crush, nail bed, and middle finger were the most common 
mechanism, type, and digit injured, respectively.12

ANATOMY OF THE DISTAL TIP AND NAIL BED
The fingertip encompasses the structures of the finger 

distal to the DIPJ.13 These include the nail plate and the 
perionychium, which comprises the nail bed, eponych-
ium, paronychium, and hyponychium (Fig.  3).2 These 
specializations confer exquisite 2-point discrimination, 
pincer grip, and regulation of peripheral circulation.

MECHANISMS AND CLASSIFICATIONS OF 
DISTAL TIP INJURIES

Nail bed injuries are diverse in both mechanism and pre-
sentation. Ashbell et al (1967) classified subungual hema-
toma, simple lacerations, stellate lacerations, severe crush, 
and avulsion,14 though amputations are also common.

Subungual hematomas present after bleeding under 
the nail plate following blunt trauma to the nail bed. 
Clinically, the Van Beek classification system denominates 
5 principal nail bed injuries (Table 1), subclassified by loca-
tion within the nailbed (involving either the sterile and/or 
germinal matrix, respectively) and the extent of injury.15

Amputations are described in relation to the zone 
and plane of injury. The recent pulp, nail, bone classifica-
tion has shown low interobserver concordance (< 60%),16 
undermining overly precise, unreproducible classification 
systems. A simpler binary classification of fingertip ampu-
tations17 is frequently used: zone I—distal to the lunula; 
zone II—between the DIPJ and the lunula.

Fractures of the distal phalanx constitute almost 50% 
of all hand fractures, and 50% are associated with inju-
ries to the nail bed.18 Fractures can be classified by type 
(transverse, longitudinal split, or comminuted) or anat-
omy (extra-articular or intra-articular). Distal tuft frac-
tures account for 80% of hand fractures in children under 
4 years old, commonly arising from crush injuries. Distal 
phalangeal shaft fractures are typically longitudinal or 
transverse and are minimally displaced.

Distal phalangeal base fractures are unstable and can 
lead to volar angulation. In children, these fractures may 
lead to physeal injuries, which are categorized by the 
Salter–Harris classification (Table  2), with type II being 
the most common.19

Seymour fractures are open physeal fractures of the dis-
tal phalanx that occur from hyperflexion injury (Fig. 4). 
These fractures are often misdiagnosed, undertreated and 
complicated by infection and growth arrest.20

Intra-articular distal phalangeal fractures occur as 
avulsion fractures. The mallet finger describes a flexion 
deformity resulting from impaired extension of the DIPJ, 
commonly due to forced flexion of an actively extended 
finger. The extensor tendon can avulse an epiphyseal 
fragment, resulting in an intra-articular fracture. Mallet 
deformities are Salter–Harris Type III or Type IV fractures, 
classified as: type I – only the tendon ruptures, type II—
small avulsion fracture, and type III—involves > 25% of the 
articular surface. If left untreated, “swan neck” deformities 
can manifest, wherein the proximal interphalangeal joint 
extends due to volar displacement of lateral bands.

Lastly, “Jersey” fingers refer to sudden hyperextension 
of an actively flexed finger with fracture at the distal pha-
langeal base of the volar distal phalanx due to the avulsed 
flexor digitorum profundus tendon. These classically 
occur in contact sports such as rugby or American foot-
ball. Leddy and Packer (Table 3)21 categorize these inju-
ries based on location, degree of tendon retraction, and 
presence of an osseous fragment.

EVIDENCE BASE FOR MANAGEMENT 
STRATEGIES

The objective of management is to restore the form 
and function of a durable, pain-free yet sensate fingertip. 
A thorough history and examination should elicit age, sex, 
hand dominance, professional goals, hobbies, comorbidi-
ties, and the status of the defect and remaining soft tissue. 
Since older children may anatomically resemble adults in 
terms of physeal closure, the principles discussed herein 
may be broadly applicable.

Fig. 1. Schematic of the different presentations of distal tip injuries, demonstrating simple laceration, stellate laceration, crush injury, avul-
sion injury, and subungual haematoma (with associated lateral view).
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Subungual Hematomas—Remove and Repair or  
Trephinate and Drain?

Subungual hematomas often result from compression 
injuries to the nail. Currently, level III evidence supports 
removing the nail plate to permit nail bed exploration and 
repair if there is a displaced tuft fracture.2 However, if the 
nail fold edges are intact and (if present) the fracture is 
not displaced, then optimal management is controversial. 

Traditionally, treatment was based on the relative size of 
the hematoma22: the nail plate was removed for hemato-
mas > 50% of the nail, or 25% if in the presence of a frac-
ture. Simple nail plate trephination to evacuate subungual 
hematomas arising from door crush or blunt nail bed inju-
ries in children with intact nail folds and nail margins has 
produced same or superior results, when compared to nail 
removal and formal nail bed reconstruction.18,23 Moreover, 

Fig. 2. PRiSMA diagram and search strategy used:“infant”[Mesh] OR “child”[Mesh] OR “Adolescent”[Mesh] 
AND “Nails/injuries”[Mesh] OR “Nails/surgery”[Mesh] OR “Finger injuries”[Mesh] OR “Nail Diseases/
surgery”[Mesh] OR “Nail Diseases/therapy”[Mesh]

Fig. 3. Schematic of the nail apparatus.
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trephination23 or expectant management alone24 has dem-
onstrated similar cosmetic outcomes and complication 
rates, irrespective of the size of hematoma or presence of 
a nondisplaced fracture.25

Decontamination of the skin before incision is part of 
the standard of surgical care. Of the commonly used surgi-
cal skin preparations, a prospective randomized trial found 
that DuraPrep (Iodine Povacrylex and Isopropyl Alcohol; 
3MHealthcare, Minnesota) and Betadine solution (10% 
povidone-iodine; Purdue Pharma LLP, Connecticut) were 

superior to ChloraPrep (2% chlorhexidine gluconate and 
70% isopropyl alcohol; Texas) for preoperative decontam-
ination in clean elective soft tissue hand surgery.26 Further 
study of the efficacy of skin preparations in the surgery 
of contaminated hand wounds is warranted. Subungual 
hematoma drainage involves trephination, in which the 
hematoma is evacuated through a sufficiently large hole 
in the nail plate created by a blade or electrocautery with 
a needle point (eg, Colorado tip).

Nail Bed Injury—Sutures or Adhesives?
Nail bed lacerations include simple lacerations, stellate 

lacerations, or crush injuries. The latter two often involve 
fragmentation of the nail plate. The success of nail bed 
repair diminishes with delay following injury, with recom-
mended intervention within 2–3 days, but ideally sooner. 
Repair of stellate lacerations can have good outcomes 
whilst crush injuries have a poorer prognosis due to addi-
tional nail bed contusion.27

Though examples of protocols have been described,28 
operative technique is widely debated. Absorbable sutures 
are helpful as they need not be removed. In a survey, 
hand surgeons preferred an interrupted suture technique 
(85.1%) using polyglactin 910 (Vicryl-Rapide) (83.3%) 
material.8

Medical adhesives are an alternative to primary repair 
with sutures for nail bed injuries.29 2-Octylcyanoacrylate 
(Dermabond) can bond disrupted nail plate fragments 
and appose wound margins. Preliminary research sug-
gested that adhesives achieved acceptable cosmetic 
appearance,30 but were limited in their comparisons with 
standard suturing, the objectivity of their outcome mea-
sures, and their small sample sizes. Later studies high-
lighted the efficacy of Dermabond relative to suturing, 
such as similar breaking strength,31 and lower mean tour-
niquet time required.32 Even though a speedier approach 
limits operative distress,29 surgeons prefer a figure-of-eight 
suture (45.1%) to secure the nail plate back under the 
nail fold over adhesives (20.7%).8 This may reflect how 
medical adhesives risk chronic infection, granuloma for-
mation and foreign body reaction, and tattooing of the tis-
sue. Widespread adoption therefore demands a stronger 
evidence base.

Table 1. Van Beek Classification of Nail Bed Injuries

Type Description

SI Small (<25%) subungual hematoma
SII Sterile matrix laceration with large (>50%) subungual 

hematoma
SIII Sterile matrix laceration associated with fracture of the 

distal phalanx
SIV Sterile matrix fragmentation
SV Sterile matrix avulsion
GI Small (<25%) subungual hematoma, proximal nail
GII Germinal matrix laceration with large (>50%) subungual 

hematoma
GIII Germinal matrix laceration associated with fracture of 

the distal phalanx
GIV Germinal matrix fragmentation
GV Germinal matrix avulsion

Table 2. Salter–Harris Classification of Fractures in 
Children

Type Description

I Transverse fracture through the physis only
II Fracture line through the physis and extending 

to include a portion of the metaphysis
III Fracture line through the physis and exiting 

through the epiphysis into a joint
IV Vertical fracture line through the epiphysis, 

physis, and metaphysis
V Crush injury to the physis

Fig. 4. Schematic of a Seymour fracture. Since the extensor tendon 
inserts into the epiphysis, which is proximal to the insertion of the 
flexor digitorum profundus (FDP), fractures at the metaphysis cause 
net extension of the proximal fragment (up arrow) and unopposed 
flexion of the distal fragment of the distal phalanx (down arrow).

Table 3. Leddy and Packer Classification of Flexor 
Digitorum Profundus (FDP) Tendon Avulsion

Type Description

I FDP tendon retracted to palm. Leads to disruption of 
the vascular supply

II FDP retracts to level of PIP joint
III Large avulsion fracture limits retraction to the level of 

the DIP joint
IV Osseous fragment and simultaneous avulsion of 

the tendon from the fracture fragment (“Double 
avulsion” with subsequent retraction of the tendon 
usually into palm)

V Ruptured tendon with bone avulsion with bony 
comminution of the remaining distal phalanx (Va, 
extraarticular; Vb, intra-articular)
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Nail Bed Avulsion/Defects—Suture or Graft?
Nail bed avulsions present with the avulsed nail bed 

attached to the undersurface of the nail plate, which 
can be sutured in place.33 Small defects < 2mm heal by 
secondary intention, with the replaced nail plate act-
ing as a cover and a splint. A substitute introduced into 
the gap (if > 2 mm) can prevent scar formation, particu-
larly for full-thickness germinal matrix injuries. Options 
include a dermal replacement template (eg, Integra or 
Matriderm),34 split-thickness skin graft, split-thickness nail 
bed graft,35 and full-thickness nail bed graft—the latter 
two are preferred but may cause a donor site deformity.36 
The graft can be harvested either from uninjured areas of 
the involved finger or from other intact digits for larger 
defects.33 For pediatric nail bed defects beyond 3 × 3 mm, 
split thickness nail bed grafts harvested from the injured 
finger or a great toe is recommended,35 though objective 
functional assessments were lacking in this study.

Distal Phalanx Fracture—Repair and Fixate or Suture?
Over 50% of all nail bed injuries have an associated 

distal phalanx fracture.6 Traditionally, distal tuft fractures 
and nondisplaced distal phalanx fractures were managed 
with nail bed repair and nail plate replacement. Displaced 
fractures and fractures proximal to the nail fold have been 
treated with operative fixation utilizing two 0.028-inch 
Kirschner wires. For open Seymour fractures, the princi-
ples of open fracture management are recommended,37 
along with antibiotics due to frequent infective compli-
cations.20 For nail bed disruptions associated with distal 
phalangeal fractures, a group from India advocate verti-
cal figure-of-eight tension band sutures without formal 
nail bed repair or fracture stabilization (held in place for 
6 weeks) as a simple, minimally traumatic, and similarly 
efficacious option.38

Comminuted fractures often have small bony frag-
ments adherent to the nail bed. Repair of the nail bed 
injury allows approximation of the bony fragments. Nail 
plate replacement has been often used as a splint for frac-
ture healing, though synthetic alternatives are present if 
the nail is unavailable.39

Distal Tip Amputations—Revision Amputation, Flaps, or 
Replantation?

Management of distal tip amputations depends on 
level of injury and integrity of the remaining structures. 
The modified Ishikawa classification (Table 4) describes 
levels of transverse fingertip amputations.40 Oblique 
amputations are incorporated in more recent classifica-
tions.41 Reconstruction may require shortening of exposed 
bone, skin and nail bed graft placement, and local flap 
reconstruction or replantation. Lipofilling, proposed by a 
group in Germany, may improve volume defects and also 
remediate hypoesthesia by stimulating distal nerve regen-
eration. This study however had a small sample size and 
used subjective tools, like visual analogue scale (VAS), to 
assess outcomes.42

If the injury exposes the distal phalanx, bone short-
ening and suturing the remaining skin as local flaps over 
the distal phalanx is a standard reconstructive technique 

(eg, Ref 43). Local flap mobilization and advancement is a 
useful option, and selection of the flap modality is guided 
by the orientation and configuration of the wound. For 
instance, volar V-Y advancement flaps are appropriate for 
injuries occurring in the dorsal oblique and transverse 
planes.44 Suturing of the skin to the nail bed edge should 
be tension-free to prevent a hook nail deformity.

Small distal amputations of digits survive as reattached 
composite grafts in children, with more successful out-
comes than in adults.45 The amputated tip is sutured back 
to the stump without formal microvascular repair, the nail 
bed is repaired carefully, and any fractures reduced and 
stabilized, for example, with Kirschner wires or a 23 or 
21-gauge needle.46 The most likely outcome of the compos-
ite grafts is partial survival; graft success is unlikely in those 
over 4 years of age47 and those suffering from crush inju-
ries.40 In older children, tip amputations can be defatted 
and replaced as a “cap” graft, with better success.48 Thus, 
parents should be cautioned regarding these limitations.

Should the Nail Plate Be Replaced or Discarded?
Having repaired the nail bed, 96% of surgeons replace 

the nail plate whilst 4% prefer to discard it.8 Nail replace-
ment has been argued to confer key advantages.33 First, it 
acts as a mold to maintain the normal anatomy for new 
nail growth and can splint any associated distal fracture. 
Furthermore, replacing the proximal portion of the nail 
plate prevents scar formation between the proximal nail 
fold and the germinal matrix, leading to a permanently 
split nail.49 Consequently, splinting of the proximal nail fold 
with a replaced nail plate was recommended for 2–3 weeks.

This surgical dogma has been challenged by evidence 
of higher morbidity accompanying nail plate replace-
ment. Replacing the nail plate has a higher complication 
rate (17.6%) than discarding the nail plate and applying 
a nonadherent (Mepitel) dressing (5%).50 Such compli-
cations included postoperative infection, persistent pain, 
delayed wound healing, and overgranulation. It is argued 
that small nails (in children) or nail fragments might 
be harder to clean, effectively acting as a foreign body.51 
Prophylactic antibiotics have not significantly influenced 
infection rates.52 The method of nail plate fixation may 
provoke inflammation and edema, leading to postopera-
tive nail fold lacerations at the sites of, for example, tight 
sutures.53 These studies suggest that replacing the nail 
plate might not be solely accountable for complications 
and increased morbidity.

This highlights a need for high-quality studies to estab-
lish definitive indications and management strategies.7 
An ongoing multicenter randomized controlled trial 
(Nail bed INJury Analysis [NINJA] trial) aims to address 

Table 4. Modified Ishikawa Classification of 
Fingertip Amputation

Type Amputation Level

I Distal to midnail (Ia—beyond the distal edge of the nail; 
and Ib—between the midnail and distal edge of the nail)

II Between midnail and nail base (eponychium)
III Midway between eponychium and DIPJ
IV Between II and DIPJ
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whether the nail plate should be replaced following nail 
bed repair in children.54 Their preliminary study agreed 
with an earlier study50 that showed that nail plate replace-
ment was associated with greater incidence of infection, 
complications, and postoperative pain, but did not reach 
statistical significance, likely due to a small sample size. 
It is hoped that the definitive trial will better inform the 
most appropriate management. Ultimately, the objective 
is to minimize morbidity, exposure to multiple operations, 
and number of follow-ups needed,50 whilst optimizing 
outcomes.

PATIENT-REPORTED OUTCOME MEASURES
Healthcare systems endeavor to optimize outcomes. 

To accurately evaluate the efficacy of any intervention, 
appropriate outcome measures are essential. Traditional 
objective clinical assessments (eg, grip strength and 
range of motion) do not consider the patient’s ability 
to resume normal activities of daily living or persistent 
pain. Consequently, the focus has shifted toward longitu-
dinal assessment of patient-reported outcome measures 
(PROMs). However, convention holds that children’s 
self-reported health information is unreliable, which has 
limited the attention and utilization of pediatric PROMs 
despite evidence suggesting that children (beyond 8 years 
of age) can accurately report their health status.55

Adopting an appropriate PROM for functional hand 
outcomes in children has proven challenging. An estab-
lished PROM for functional hand outcomes in adults is the 
Michigan Hand Outcomes Questionnaire but is not vali-
dated for direct use in children. Two studies adopted this 
method in a pediatric sample56 by modifying the question-
naire to allow evaluation of the child’s outcome by proxy. 
Another popular adult PROM is the Disabilities of the Arm, 
Shoulder, and Hand (DASH) or its abbreviated counter-
part, QuickDASH. Whilst the QuickDASH has shown evi-
dence of internal reliability in patients aged 8–18 years, 
several limitations were identified in younger patients.57 
Thus, utilizing PROMs developed for adults in children 
likely has limited reliability, content validity, or applicability.

This highlights a need for pediatric-specific hand out-
come measures. For instance, the Wong-Baker FACES 
Pain Rating Scale has been successfully validated in chil-
dren presenting at the ED,58 and has aided the scoring of 
acute pain associated with removing a wound dressing.

The hand is an important tool in our social lives, thus 
good cosmetic outcomes are highly desirable, and lasting 
deformities may impact self-esteem. Affected children and 
their parents may rate the appearance of the fingernail 
using a VAS. For surgeons, the Zook classification tool 
(Table 5) of nailbed appearance59 is a validated method of 
categorizing outcomes based on several variables that are 
compared to the uninjured equivalent contralateral finger 
nail. These include incomplete nail plate adherence, nail 
ridging, split nails, or eponychial deformity. Surgeons have 
cited the most important outcome measure as cosmetic 
appearance (33%), followed by nail regrowth (28%) and 
parent satisfaction (14%).8 Other important pragmatic 

factors are operative time, total time spent in the hospital, 
and postoperative complication rates.

PREVENTION
Education of the patient, parent, and general public 

of prevention of digit injuries should be reinforced. Since 
most digit injuries occur at home or school despite adult 
supervision,5 preventative measures are needed. These 
include installing finger-shield door hinge safeguards or 
door stoppers to limit the impact of door closing on fingers. 
For other risky recreational activities/sports, use of safety 
gloves or warning signs should be encouraged. Widespread 
adoption can be disseminated through use of safety check-
lists and awareness programs. Since a single ED can charge 
over $300,000 per year12 for fingertip injuries alone, intro-
ducing targeted prevention strategies is important.

CONCLUSIONS
Pediatric distal tip injuries pose a significant health-

care challenge, particularly if not managed appropri-
ately. High-quality level I evidence is currently lacking. 
Randomized studies (eg, NINJA trial) are crucial to guide 
best practice. Optimum care provision requires matching 
of the different indications for treatment with appropri-
ate management strategies, with adoption of pediatric-
specific PROMs. These should be promoted alongside 
targeted prevention mechanisms, to reduce the burden of 
these common injuries.
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