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Abstract

Objective To present a practical and evidence-based approach for primary care
physicians to the diagnosis and initial management of common pediatric hand
injuries, and to identify injuries requiring prompt referral.

Sources of information Clinical evidence and expert recommendations were
identified by using MEDLINE and EMBASE for each topic presented.

Main message Pediatric hand injuries are a common reason for physician
consultation. The most common and potentially problematic pediatric hand
injuries include fingertip injuries, phalangeal fractures, tendon injuries, and
hand burns. Management is limited by difficulties in proper assessment of the
hand and the paucity of evidence to guide treatment. Nevertheless, outcomes
in children are typically excellent.

Conclusion Appropriate assessment, initial management, and, if necessary, timely
referral of pediatric patients with hand injuries are paramount given the importance
of the hand in function and child development. While some principles from managing
adult hand injuries might apply, children often require special considerations.

Blessures a la main chez l'enfant
Approche pratique a l'intention des médecins de soins primaires

Résumeé

Objectif Présenter aux médecins de soins primaires une approche pratique
et fondée sur des données probantes pour le diagnostic et la prise en charge
initiale des blessures a la main courantes chez l'enfant, et cerner les blessures
qui exigent une demande de consultation sans délai.

Sources de l'information Les données cliniques probantes et les
recommandations des experts proviennent d’'une recension a l'aide de MEDLINE
et EMBASE pour chacun des sujets présenteés.

Message principal Les blessures a la main chez un enfant sont souvent la
raison de consulter un médecin. Parmi les blessures pédiatriques a la main les
plus fréequentes et potentiellement problématiques se trouvent les blessures
au bout du doigt, les fractures aux phalanges, les blessures aux tendons et

les briilures. La prise en charge est entravée par les difficultés de bien évaluer
la main et par la rareté des données probantes pour guider le traitement.
Néanmoins, les résultats sont habituellement excellents chez les enfants.

Conclusion Chez les patients pédiatriques souffrant d'une blessure a la

main, une évaluation appropriée, une bonne prise en charge initiale et, au
besoin, une demande de consultation sans délai sont d'une importance
primordiale étant donné le role essentiel des mains dans le fonctionnement et
le développement de I'enfant. Certains des principes de la prise en charge des
blessures a la main chez l'adulte s'appliquent, mais les enfants doivent souvent
faire l'objet de considérations particuliéres.

CLINICAL REVIEW

Editor’s key points

» Assessment of hand injuries can be
challenging in the pediatric population.
Injury patterns and management might
be different than for adult trauma
owing to differences in mechanism of
injury, the presence of open physes,
and patient compliance.

» Delays in appropriate treatment might
carry a risk of long-term morbidity.

The window for intervention might

be shorter in children compared with
adults owing to faster rates of healing.

» A Seymour fracture is an injury
unique to children and requires
prompt attention. The typical
presentation is a swollen, ecchymosed,
and painful finger that is flexed

distal to the distal interphalangeal
joint. Lateral x-ray views confirm the
diagnosis. Treatment includes closed
or open reduction followed by 2 to 4
weeks of immobilization.

Points de repére
du rédacteur

» L'évaluation d’une blessure a la
main peut se révéler difficile dans

la population pédiatrique. Les

types de blessures et leur prise en
charge peuvent différer de ceux des
traumatismes chez l'adulte en raison
des mécanismes différents des
blessures, de la présence de plaques
épiphysaires (de croissance) ouvertes
et de l'observance du patient.

» Des retards dans l'administration
d’un traitement approprié peuvent
entrainer un risque de morbidité a
long terme. Les délais d’intervention
peuvent étre plus courts chez 'enfant
que chez l'adulte en raison de la plus
grande rapidité de guérison.

» Une fracture de Seymour est une
blessure exclusive aux enfants qui
exige une attention rapide. Elle se
présente habituellement sous la
forme d’un doigt enflé, douloureux
et porteur d’ecchymoses, qui est
fléchi en position distale par rapport
a l'articulation interphalangienne
distale. Des clichés radiologiques
latéraux confirment le diagnostic.

Le traitement comporte une réduction
fermée ou ouverte, suivie par2 a 4
semaines d'immobilisation.
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ulation.! They are a frequent reason for presentation

to urgent care clinics and emergency departments;
hand fractures account for about 15% of all pediatric
fractures and 2.3% of pediatric emergency visits.?* Hand
injuries can be particularly challenging in the pediat-
ric population, as the history and physical examination
might be limited. While some principles from manag-
ing adult hand trauma can be applied, injury patterns
and management might differ owing to differences in
mechanism of injury, the presence of open physes, and
patient compliance. Delays in appropriate treatment
might carry a considerable risk of long-term morbidity,
and the time window for intervention is often shorter in
children compared with adults.* Consequently, accurate
assessment, appropriate initial care, and timely referral,
if necessary, are paramount to optimize outcomes.

I njuries to the hand are common in the pediatric pop-

Case description

An otherwise healthy 10-year-old boy is brought to
the emergency department by his mother with a pain-
ful, bleeding right ring finger after it was stepped on
while playing football. On examination, the distal
fingertip is bleeding with avulsion of the proximal nail
plate from the eponychial fold (Figure 1A). The fin-
gertip is flexed and does not straighten (Figure 1B).
Examination is limited. Lateral radiographs demon-
strate physeal separation in the distal phalanx with
apex dorsal angulation (Figure 1C).

Sources of information

Searches of MEDLINE and EMBASE were conducted to
identify literature relevant to each topic presented using
the following terms (EMTREE subject heading or MeSH
terms were used when available): pediatric hand injuries,
pediatric hand fractures, subungual hematomas, nail bed
lacerations, mallet finger, central slip avulsion, jersey finger,

and pediatric hand burns. Recommendations presented
are based on clinical evidence and expert opinion and
are graded from levels I to III. Level I evidence is based
on data from randomized controlled trials, systematic
reviews, or meta-analyses; level II on data from other
comparison trials such as non-randomized cohort stud-
ies; and level III on expert opinions.

Main message

The clinical approach to examining the pediatric hand
is outlined here. We also propose strategies to help you
assess hand injuries in children.

History taking. A hand history follows the general struc-
ture of a regular pediatric medical history. It is impera-
tive to obtain an accurate history (sometimes by proxy)
of the mechanism of injury including the environment
in which the injury was sustained. Associated symp-
toms might provide clues as to the presence of addi-
tional soft tissue damage. For example, paresthesias or
weakness might indicate nerve damage. The child’s hand
dominance should be documented; it normally develops
around age 3.° Information about the child’s activities,
sports, music, and career goals might be relevant in older
children. Tetanus status should be elicited and updated if
necessary. A developmental history and a history of pre-
vious hand injuries should be garnered to better guide the
physical examination and treatment goals. The possibil-
ity of nonaccidental injury should always be entertained.

Physical examination. Examination of the hand is
similar to that for adult patients, with modifications
depending on the child’'s age and willingness or abil-
ity to cooperate.®” Observation of the child’'s hand at
rest and play can elucidate sources of pain, the pres-
ence of underlying fractures, and evidence of tendon
or nerve injuries. Bruising, swelling, and systematic

Figure 1. Ten-year-old boy’s right ring finger after it was stepped on while playing football: A) Fingertip injury with avulsion of the
proximal nail plate from the eponychial fold; B) fingertip appears flexed and does not actively straighten; and C) lateral radiograph
demonstrating physeal separation in the distal phalanx with apex dorsal angulation.

B)

)
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Pediatric hand injuries CLINICAL REVIEW -

palpation of the hand might help localize underlying
fractures or ligamentous injuries. Minimally displaced
fractures might be clinically significant if they result in
scissoring; this might not become apparent until the
child makes a fist (Figure 2). Certain familiar gestures
such as high fives and fist bumps allow the physician to
test the active range of motion in children not capable
of following directions. Occasionally, the administration
of local anesthetic is required to properly assess for
range of motion and scissoring. Wrist tenodesis might
also be a useful physical examination tool to determine
tendon continuity, independent of nerve or muscle func-
tion. With intact tendons and a relaxed or distracted
patient, passive extension and flexion of the wrist will
result in compensatory finger flexion and extension,
respectively. Vascularity can be assessed by colour,

Figure 2. Child’s hand with minimally displaced but clinically
significant fracture: A) Scissoring becomes apparent when the
child makes a fist; and B) radiograph demonstrating the
minimally displaced oblique Salter-Harris type Il fracture of the
proximal phalanx of the right little finger.

temperature, and capillary refill. Anhidrosis and lack of
skin wrinkling with submersion in water over a certain
nerve distribution suggests damage to that nerve in chil-
dren incapable of communicating sensation (Figure 3).

Initial investigations. X-ray imaging is required if a
fracture or dislocation is suspected. An ultrasound might
be useful to confirm tendon injury.®

Referral. The time window for intervention might be
shorter in children than adults owing to faster healing
times.* Certain fractures (open, displaced, angulated,
rotated, intra-articular, or unstable) and nerve and
tendon injuries typically require a telephone call to a
hand surgeon at the time of presentation.

Differential diagnosis
Fingertip injuries. Fingertip crush injuries, usually
by a car or house door, are a common pediatric hand
injury.® An assortment of injuries, as presented below,
might ensue. Nearly half involve an underlying frac-
ture of the tuft of the distal phalanx.®

Subungual hematomas, nail bed lacerations, and tuft
fractures: The optimal management of subungual
hematomas, nail bed lacerations, and open tuft fractures
remains controversial. Options include observation,
trephination, and open repair. Trephination involves
hematoma evacuation through a hole in the nail plate
created by electrocautery, a heated paper clip, or a nee-
dle (18-gauge).'® Open repair involves removal of the
nail plate and repair of the nail bed under local anes-
thesia with absorbable sutures or 2-octylcyanoacrylate
(“skin glue”).!" Epinephrine is safe to add in digital
blocks for control of bleeding and exploration of deep
lacerations.!? The removed nail plate can be reinserted
under the nail fold to keep it open and protect the repair;

Figure 3. Anhidrosis and lack of skin wrinkling of the little
finger and ulnar half of the ring finger (dash outline) in
keeping with an ulnar nerve injury
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however, this is currently under investigation.!*!* If
there is an underlying fracture, a fingertip splint with
the proximal interphalangeal joint (PIP)) free is usually
sufficient depending on the age of the child (Figure 4).
Prophylactic antibiotics (typically 5 days of oral cepha-
lexin) are only indicated following repair of grossly con-
taminated injuries (level I evidence).!%1¢

Generally, it is accepted that if the nail plate or
fold is disrupted or if there is a displaced tuft fracture,
the nail should be removed and the nail bed repaired
(level IIT evidence).>'” For an intact nail and nondis-
placed fracture, controversy exists. Some authors have
advocated guiding treatment based on the size of the
hematoma.'®'” However, some studies have demon-
strated that no matter the size of the hematoma or
even the presence of a nondisplaced fracture, favour-
able results can be obtained with trephination or
expectant management alone (level II evidence).?20-22

Seymour fractures: A Seymour fracture is an injury
unique to children and requires prompt attention.
Following crush injury or axial load, an angulated Salter-
Harris type I or II fracture of the distal phalanx with an
associated nail bed injury might result. The nail plate is
typically avulsed proximally from the nail fold, and soft
tissue (often the germinal matrix of the nail) might become
interposed in the fracture preventing reduction and
healing. The typical presentation is a swollen, ecchymosed,
and painful finger, flexed at the distal interphalangeal joint
(DIP)). Lateral view x-ray scans confirm the diagnosis. If
untreated, osteomyelitis, malunion, and premature closure

Figure 4. Example of fingertip splint

806

of the physis might occur.? Injuries can be treated with
closed or open reduction followed by 2 to 4 weeks of
splinting (level II evidence).?*? More substantive injuries
require open reduction and nail bed repair. Surgical
fixation with Kirschner wires (or K-wires) is rarely required.

Distal digit amputations: The most commonly ampu-
tated body part in a child is a fingertip.?” Amputations
distal to the DIPJ can be treated with reattachment of
the amputated fingertip as a composite graft, healing by
secondary intention, or revision amputation.

Replantation in children is generally limited owing
to the distal level and the usual crush nature of the
injury. Further, outcomes with conservative therapy
are typically excellent especially with amputations
distal to the germinal matrix.?” Conservative therapy
consists of wound healing by secondary intention
with standard wound care including daily cleansing
and nonadherent dressings. However, if there is any
possibility of replantation, consultation with a hand
surgeon should be sought immediately.

Fractures. Approximately one-fifth of hand injuries in
children are fractures.! Nondisplaced fractures are gen-
erally treated with immobilization; however, patient
age might dictate the type and duration of immobiliza-
tion. Figure 5 presents examples of common immo-
bilization techniques. If displaced, closed reduction is
performed. Potentially unstable fractures should have
close follow-up to ensure reduction is maintained.
Fractures that fail closed reduction might require sur-
gical management. Open fractures require irrigation,
debridement, antibiotic treatment, and surgical referral.

Differences between the pediatric and adult hand con-
tribute to different injury patterns and considerations in
management. Open physes are a point of inherent weak-
ness, and injury might result in premature closure and
abnormal growth. However, open physes also offer the
possibility for digit remodeling following injury. Physeal
fractures are classified by the Salter-Harris classification
(Figure 6). Children also have a robust periosteum result-
ing in improved fracture stability and faster healing.*

However, a shorter time window for fractures
requiring intervention might exist.* Fractures requiring
special consideration or seen more commonly in chil-
dren are presented below.

Phalangeal base fractures: Phalangeal base frac-
tures are the most common pediatric hand fracture
pattern. The proximity of the physis assures a high
degree of remodeling (Figures 6A and 6C), thus closed
reduction followed by 3 to 4 weeks of immobilization
suffices for most of these fractures (level II evidence).?!
Severely displaced or unstable fractures might require
surgical intervention. A common pitfall that might
contribute to difficulty or inability to obtain a closed
reduction is failure to recognize the location of the
fracture in relation to the surface anatomy of the hand.
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Figure 5. Examples of common immobilization techniques for hand injuries: A) Thumb spica splint, B) ulnar gutter splint, C) volar resting
splint, and D) above-elbow cast (young children might require an above-elbow cast to minimize the risk of accidental slippage or removal).

B)

Figure 6. Pediatric hand radiographs: A) Normal phalanx anatomy, B) Salter-Harris | fracture, C) Salter-Harris Il fracture, D) Salter-Harris 11l
fracture, E) Salter-Harris IV fracture, F) phalangeal neck (subcondylar) fracture, and G) phalangeal condyle (unicondylar) fracture.

B) o] D)

Condyle—

Salter-Harris | Salter-Harris Il Salter-Harris Ill Salter-Harris IV

fracture: Fracture fracture: Fracture fracture: Fracture fracture: Fracture

through the physis through the physis through the physis through the physis,
and metaphysis and epiphysis metaphysis,

and epiphysis

F) G)

Metaphysis
Physis
Epiphysis

Normal anatomy

L \
Phalangeal neck Phalangeal condyle (unicondylar)
(subcondylar) fracture fracture
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The base of the proximal phalanx is considerably more
proximal than the web space of the digit. Failure to
properly anesthetize and stabilize the proximal aspect
of the fracture might result in difficulty achieving an
adequate reduction.

Phalangeal neck fractures: Neck fractures of the
proximal and middle phalanges are classic pediatric
injuries, rarely seen in adults.*> Most result from a crush
injury to a finger caught in a closing door or window.
Given the distance from the physis (Figures 6A and 6F),
there is poor remodeling potential. Surgical consulta-
tion is recommended for any displaced neck fracture, as
these are particularly unstable and require close follow-
up (level II evidence).33-%

Otherwise, nondisplaced fractures respond well to 3
to 4 weeks of immobilization.*

Condylar fractures: The condyles are a pair of tuber-
osities that form the distal articular surfaces of the
proximal and middle phalanges (Figure 6A). Condylar
fractures are intra-articular in nature and often unstable
(Figure 6G). Surgical consultation is recommended, as
these fractures require meticulous reduction to ensure
proper joint congruity (level III evidence).>*

Tendon injuries. Tendon injuries result in the loss of
active but not passive range of motion. Observation
of the hand and finger position at rest and with passive
tenodesis of the wrist might give clues to suggest under-
lying tendon injury (Figure 7). Closed tendon injuries
such as mallet fingers, central slip injuries, and jersey
fingers should not be missed, and they might be associ-
ated with an avulsion fracture. Mallet fingers are exten-
sor tendon injuries at the distal phalanx resulting from
sudden flexion of an extended DIPJ. They present with a
DIPJ flexion deformity (Figure 8). Central slip injuries are
extensor tendon injuries at the middle phalanx resulting
from forced flexion of an extended PIPJ. These 2 injuries
are generally treated with uninterrupted splinting of the
affected joint in extension for 6 weeks.*® Jersey fingers,
which result from sudden hyperextension of a flexed
DIPJ, present with inability to flex the DIPJ owing to
flexor digitorum profundus avulsions at the distal pha-
lanx. They require prompt referral for surgical manage-
ment. Open tendon lacerations can be managed with
initial wound care, skin closure, and temporary immobi-
lization followed by surgical referral for definitive repair
within 1 to 2 weeks (level Il evidence).?**” Nerve and
vascular injuries should be considered with lacerations
to the volar surface of the finger or hand.

Dislocations. In young patients, finger dislocations are
relatively rare, as the ligamentous joint structures in
children are stronger than immature developing bone.*
Following reduction, the injured finger is protected to
prevent re-injury. Depending on the stability of the joint
and patient compliance, the finger can be immobilized

Figure 7. Flexor tendon lacerations resulting in loss of natural
cadence of long, ring, and little fingers at rest

Figure 8. Example of DIPJ flexion deformity

DIP)—distal interphalangeal joint.

or buddy taped. Early range of motion and edema con-
trol should be considered. Dislocations that are irreduc-
ible require surgical consultation.

Burns. The hand is frequently involved in burn injuries
in children.* Scald burns are more frequent in younger
children while flame burns become more common with
age.® The hand dorsum is typically more vulnerable, but
the volar surface is susceptible to contact burns during
children’s exploration of household appliances such as
fireplaces, stovetops, and hair irons.**#° Initial manage-
ment includes cooling of the burned area with cool water
(or soaked gauze) for at least 20 minutes, cleansing,
and pain management (level Il evidence).*! Obviously
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necrotic debris and broken blisters should be debrided
and the burn can then be dressed with the fingers sepa-
rated. There is emerging evidence supporting the use
of silver-impregnated and non-silver dressings; these
novel dressings have been associated with decreased
pain, fewer dressing changes, and lower overall costs
when compared with traditional dressings with silver
sulfadiazine (level I evidence).*?-%¢ Circumferential burns
causing vascular compromise requiring escharotomy
are rare but should not be missed.*® Burn centre referral
is recommended for all burns that involve the hands.4748

Case resolution
The 10-year-old boy presents with a Salter-Harris
type I Seymour fracture. His mother is informed of
the risks of scarring, infection, malunion, nonunion,
growth disturbance, and nail loss and irregularity. In
the emergency department, a digital nerve block is
administered for local anesthesia (in younger chil-
dren, procedural sedation might also be considered).
Fracture reduction requires reflection of the eponych-
ial fold to expose the fracture and the interposed
germinal matrix (Figure 9A). The fracture is then
thoroughly irrigated, debrided, and reduced under
direct vision. Postreduction x-ray scans are obtained
(Figure 9B). The nail matrix and eponychial fold
are repaired with fine absorbable sutures (sizes 5-0
and 6-0 plain gut sutures) (Figure 9C). A finger-
tip splint preventing DIPJ flexion but allowing PIPJ
motion is applied (Figure 4). In younger children, a
well secured volar forearm splint or above-elbow
cast can be added to ensure proper immobilization

(Figures 5C and 5D). A short course of oral antibiot-
ics and follow-up in 1 to 2 weeks are arranged. At 4
weeks, the splint is discontinued and return to normal
activity is permitted.

Conclusion

Management of pediatric hand injuries is limited by diffi-
culties in proper assessment of the hand and the paucity
of evidence to guide treatment. Nevertheless, outcomes
in children are typically excellent. %
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