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Abstract: Operative treatment with formal irrigation
and debridement has classically been considered the
standard of care for open forearm fractures.
Considerable debate exists regarding the management
of type 1 open forearm fractures in the pediatric
population. Several recent studies have demonstrated
that nonoperative management consisting of local
wound irrigation and debridement in the emergency
department, followed by closed reduction and casting
with a course of antibiotics may be an appropriate
treatment option for these fractures. The purpose of the
current case study is to present two cases of open
forearm fractures, which were designated as type 1
fractures in young children that resulted in devastating
outcomes following emergency department wound
management and fracture care.

Introduction

Operative treatment with formal irrigation and
debridement with parenteral antibiotic coverage has
classically been considered the standard of care for open
fractures'=. Gustilo and Anderson (1976) developed a
classification system to define open fractures, in which
type 1 fractures are described as an open fracture with a
laceration <l1cm, minimal soft tissue damage, and no
evidence of contamination®. An immediate difficulty
arises when assessing an open fracture with a small
laceration in the emergency department: does the size of
the skin laceration directly correlate with the degree and
type of contamination and/or underlying soft tissue
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Figure 1. Representative radiographs of the initial both
bone forearm fracture of Case #1. (Figures courtesy of
Children’s Orthopaedic Surgery Foundation)

disruption? Unfortunately, the reliability of the
classification has been estimated at only ~60%*°, which
is less than ideal.

Considerable ongoing debate exists regarding the
management of type 1 open fractures in the pediatric
population. In the present age of expedient and limited
in-hospital care, it has become common for many
pediatric problems to be treated in the ambulatory
setting. Several recent studies have demonstrated that
nonoperative management consisting of local wound
irrigation and debridement (I&D) in the emergency
department, followed by closed reduction and casting
with a course of antibiotics, may be an appropriate
treatment option for type 1 open fractures®1°,

We present 2 cases of open fractures of the forearm in
young children, which were initially judged as type 1
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Figure 2. AP A and lateral B radiographs
demonstrating a radius nonunion and substantial bony
loss of the ulna upon presentation to referral center.

fractures that resulted in devastating outcomes following
emergency department wound management and fracture
care.

Case Report 1

A 5%-year-old right hand dominant healthy female
sustained a ground-level fall that resulted in a type 1
open diaphyseal both bone forearm fracture (Figure

1). Initial treatment included emergency department
irrigation and debridement (1&D) with closed reduction
at an outside facility. Eight days later, she returned to the
same facility with a wound infection, and she underwent
a formal 1&D. Cultures grew Escherichia vulneris and
Clostridium, for which she was started on Unasyn. Five
days later she underwent a repeat formal 1&D, with ulnar
plating, radial external fixation, and tendon repair. The
external fixator was removed at 2 months. Persistent
infection required removal of the ulna plate and
resection of the midportion of the ulna 6 weeks
thereafter, and then another 1&D 1 month later. IV and
oral antibiotics, including Meropenem, Flagyl, and
Rifampicin, were continued. Throughout this time
frame, she had 20 hyperbaric oxygen treatments.
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Figure 3. Healed vascularized graft (A) and internal
fixation B, C.

Although radial union was achieved, the patient soon
after sustained a refracture and was placed in a short arm
cast. Antibiotics were discontinued at 7 months, with no
evidence of infection; however, a persistently unstable
forearm (Figure 2) with loss of hand sensibility and
intrinsic motor function in the ulna nerve distribution.
Forearm level amputation had been recommended
through the non-union sites by 2 external orthopedic
surgeons. The patient was referred for discussion of
reconstruction.

At referral, the patient’s left forearm was unstable with
minimal active range of motion in her hand and wrist
and decreased sensation in the radial and ulnar nerve
distributions. After extensive consultation regarding
options, a decision was made for staged reconstruction
with creation of a single bone forearm (SBF) with a
vascularized free fibular graft and secondary
neuromuscular animation.
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Figure 4. Intraoperative photograph after the free
gracilis.

Figure 5. Anteroposterior (A) and lateral (B)
radiographs of the healed single bone forearm.

At the initial reconstructive surgery, the radius and ulna
were dysvascular with evidence of chronic osteomyelitis
requiring debridement back to healthy bone. Intra-
operative gram stains and cultures were negative. A
vascularized free fibular graft was performed with
reconstruction of a 5-centimeter ulnar nerve defect using
sural cable grafts. She achieved union of the SBF 4
months post-operatively without complication (Figure
3). Ulna nerve sensibility and intrinsic motor function
returned over the next 6 to 12 months.
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Figure 6. Anteroposterior (A) and lateral (B) images
of displaced both bone forearm fracture dislocation of
Case #2.

Further reconstruction then proceeded over four surgical
encounters across more than 5 years including a
vascularized free functional gracilis transfer to restore
active digital flexion (Figure 4), tenolysis and tendon
transfers for restoration of dorsal wrist and hand
extensor function, a second vascularized free functional
gracilis transfer to the EDC and EPL for augmenting
wrist and thumb extension, and lastly a brachioradialis
and ECRL tendon transfer to ECRB was performed to
improve wrist extension. She improved her strength and
active range of motion, and her wrist and hand became
more balanced.

Finally, 3 years later, she underwent debulking of her 3,
forearm free flap skin paddles combined with a
retinacular reconstruction to centralize her wrist
extension (Figure 5). She is doing well enough to
participate in competitive scholastic athletics at this time
and has a functionally assistive, sensate hand that grew
into skeletal maturity. To quote her father at the end of
her care, “when you told me the first time we met it
would take a lot of work and time to get a functional, but
not normal hand, | underestimated what ‘a lot” meant but
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Figure 7. AP radiograph demonstrating closed
reduction of the elbow dislocation and improved
alignment of the both bone forearm fracture.

it was worth it as she is better off than she would have
been with an amputation.”

Case Report 2

The second case report is that of a healthy 5-year-old
female who sustained a ground-level fall resulting in an
open midshaft both bone forearm fracture with an elbow
dislocation (Figure 6). Initial treatment was with
emergency department irrigation of wound and closed
reduction of the forearm fracture and elbow dislocation
with casting at an outside facility (Figure 7). She was
provided with Keflex for the open wound and Tylenol
#3 for pain. Due to poorly controlled pain, she was
transferred to another hospital two days after her injury.
She was found to be febrile and in increasing pain. Upon
removal of her cast, there was purulent discharge along
with evidence of advancing fasciitis. She was taken
emergently to the operating room, where an extensive
irrigation and debridement was performed, including the
bulk of her volar forearm musculature removed.
Cultures were positive for multiple aerobic and
anaerobic species, including Clostridium bifermentens,
Enterobacter cloacae, Enterococcus faecium, other
Enterococcus species, and Klebsiella oxytoca. She was
started on IV Zosyn. On repeat 1&D the following day
showed progressive infection, with intraoperative
request for tertiary transfer.
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Upon presentation to our facility, she was
febrile to 38.2 C with elevated
inflammatory markers, a dysvascular distal
limb with poor sensibility, and persistent
purulent drainage (Figure 8). She was
taken emergently to the operating room for
I&D. Antimicrobial coverage was
broadened, adding Gentamicin and
Vancomycin. Intraoperatively, there was
extensive necrosis of the entire volar

oMYy forearm musculature, necrotic bone in the

diaphyseal region of both the ulna and

radius and purulence from the cubital fossa through the
hand in both flexor and extensor compartments. The
brachial artery was viable; however, the radial and ulnar
arteries were thrombosed from the mid-forearm through
the carpal arch. There was limited collateral blood flow
to the hand. Extensive debridement of all non-viable
infected muscle, soft tissues, and bone was performed.

©COSF, Boston)|

Figure 8. Clinical presentation on arrival to our
institution, with a dysvascular limb, necrosis, and gross
purulence.

The patient was hemodynamically stable. An
intraoperative decision with Orthopaedic Surgery,
Plastic Surgery, and Infectious Diseases was made rather
than immediate amputation; the plan was made to return
to the operating room in 6 hours to reassess the viability
of the extremity (Figure 9).

Discussion with the family and patient occurred
regarding probable need for amputation. At the second
look surgery, there was more extensive necrosis
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Figure 9. Upon 6-hour return to the operating room,
further necrosis of the tendons and soft tissue were
encountered and removed A, B. There was more
extensive necrosis with discoloration of the bone and all
nonviable tissue was removed, leaving minimal volar
soft tissue C.

extending the length of the radius and ulna. The hand
was not viable. The bone of the proximal radius and ulna
and the proximal musculature flexor pronator origin and
extensor supinator origin was viable. The biceps,
brachialis, and triceps regions were not infected. A
below-elbow amputation of the limb was performed to
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Figure 10. Final
radiograph
demonstrating
amputated extremity.

preserve the elbow
joint and the extent
of the proximal
forearm that was
viable.

After 4 subsequent
irrigations and
debridements with
vacuum-assisted
dressing changes,
she underwent
ESSHALENL delayed primary
closure of the amputation 13 days after her initial injury.
The patient was continued on intravenous Meropenem
with a PICC line for 8 weeks. She was fitted with a
prosthesis for assistive functional use (Figure 10).

The patient is now 14 years post-amputation. Although
she initially used a prosthesis, she stopped using one
after four years. She remains an avid athlete.

Discussion

The management of open fractures has been a major
concern for as long as medical care has been recorded?.
There is decreased morbidity and mortality with
aggressive, early surgical debridement of open fractures
and devitalizing soft tissue wounds*!. Thorough and
immediate surgical irrigation and debridement has been
shown to lead to much lower rates of infection?®3,

However, the incidence of infection cited for type 1 open
fractures is low, ranging between 0 and 3%%"1%1415 and
the vast majority of outcomes of type 1 open pediatric
fractures are good. Several recent authors have reported
their experiences with treating type 1 pediatric open
fractures with closed reduction and nonoperative
treatment®”°, While nonoperative management of
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pediatric type 1 open fractures has been deemed as both
safe and effective®”°, many case series are not powered
to capture rare outcomes.

Both case examples were initially assessed as type 1
injuries and managed nonoperatively with devastating
results, indicating that there can be rare but potentially
severe complications from a less-aggressive approach.
The authors cannot conclusively state that these severe
infections would not have occurred with operative
irrigation and debridement, and parenteral antibiotics.
Although it is reasonable to speculate that the
nonoperative care given to these children was a
significant factor in their profound morbidity from their
type 1 open fractures.

We should all remain vigilant in the treatment of open
forearm injuries in pediatric patients and ensure we are
assessing the entire injury including the mechanism,
environmental contamination and associated skeletal
injuries, and not just the size of the wound.
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