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Case Report

ABSTRACT

Blast injuries can cause severe, multi-tissue damage, including open fractures and extensive lacerations.
Management of pediatric hand blast injuries is particularly challenging due to a high risk of contamination
and infection. We report the case of a 10-year-old boy who sustained a left-hand blast injury caused by a
firecracker. The patient presented with a contaminated lacerated wound, active bleeding, tissue avulsion,
and retained foreign bodies, accompanied by crepitus and cyanosis of the index finger. Initial management
included debridement and irrigation. Surgical intervention consisted thorough debridement, exploration
of tendon and neurovascular structure, and K-wires fixation of the index finger. Despite appropriate initial
management, the patient developed chronic necrotic tissue infection, necessitating ray amputation of the
index finger to control the infection. Further evaluation suggested that primary vascular disruption,
exacerbated by contamination and infection, contributed to progressive necrosis, particularly at the
metacarpophalangeal level. To prevent further infection spread and salvage overall hand function,
repeated debridement followed by amputation at the metacarpophalangeal joint and removal of fixation
wires was performed. Structured rehabilitation was subsequently initiated. Pediatric hand blast injuries
represent complex traumatic conditions with a high risk of tissue necrosis. Early diagnosis and aggressive
surgical management are essential; however, compromised tissue viability and severe infections may
necessitate amputation as a limb-salvage strategy. This case underscores the importance of comprehensive
management and highlights the need for improved community-based prevention efforts.

INTRODUCTION

Blast injuries resulting from pyrotechnic devices represent a significant cause of severe
hand trauma, particularly in the pediatric population.t2 Although global epidemiological data
indicate a persistence burden of firework-related injuries despite safety regulations, the
incidence remains disproportionately high in developing nations.? In Indonesia and across
Southeast Asia, although comprehensive national registry data is lacking, hospital-based reports
suggest an increasing trend in such injuries. A study from Surakarta reported that adolescents
aged 11-20 years accounted for 31% of firecracker-induced hand fractures, with males
comprising 78% of the individuals.* This issue presents a unique public health challenge, partly
due to the cultural entrenchment of firecracker use during religious festivities, often involving
unregulated or self-assembled explosives devices.>

The mechanism of injury is multifactorial, involving both thermal burns from the explosion
and the kinetic energy generated by the blast wave.6 When detonation occurs within a closed fist,
the hand absorbs the full force of the blast, resulting in a zone of injury that extends far beyond
the visible wound margins.” Consequently, these injuries often involve composite tissue loss
affecting the skin, intrinsic muscles, neurovascular structures, and skeletal components,
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frequently presenting as open fractures with severe contamination.8® Management of these
complex injuries in pediatric patients requires a careful balance between preserving limb
function and growth potential and preventing life-threatening complications.8 Although pediatric
bone demonstrates significant remodeling capacity, immature soft tissues are particularly
vulnerable to compartment syndrome and rapidly progressive necrotizing infections.10 Accurate
assessment of tissue viability during initial debridement is critical; underestimation of necrosis
may result in repeated surgical intervention and prolonged morbidity.1! This case report aims to
illustrate the deceptive progression of tissue necrosis following blast injury and to critically
evaluate the risks associated with primary wound closure.

CASE DESCRIPTION

A 10-year-old boy was brought to the Emergency Department approximately 30 minutes
after sustaining a blast injury to his left hand caused by the premature explosion of a firecracker.
He presented with severe pain, active bleeding, gross deformity of the index finger, and inability
to move the affected hand. The patient denied loss of consciousness and reported no associated
injuries to other body regions. There was no prior history of trauma to the affected hand. His
medical history was unremarkable, with no known bleeding disorders, chronic illnesses, prior
surgeries, regular medication use, or drug allergies. Family history was non-contributory, and
developmental and psychosocial histories were appropriate for age.

On primary survey, airway, breathing, circulation, and neurological status were stable, with
no life-threatening conditions identified. Vital signs were within normal limits: blood pressure
110/80 mmHg, pulse rate 100 beats per minute, respiratory rate 20 breaths per minute, and body
temperature 36.5°C.

Local examination (Figure 1) revealed a severely contaminated lacerated wound with
extensive soft tissue avulsion and retained explosive debris. The index finger demonstrated pallor
and palpable crepitus, while the thumb and remaining digits appeared pale to cyanotic and were
cold on palpation, suggesting vascular compromise. Radiographic evaluation confirmed a
complete transverse displaced fracture of the middle phalanx of the index finger (Figure 2). Based
on the mechanism of injury, degree of contamination, and extent of soft tissue damage, the injury
was a primary blast injury (Zuckerman classification type I). Initial laboratory findings were
unremarkable; however, inflammatory markers were monitored during follow-up.

. o v
Figure 1. Clinical presentation of the left hand blast injury in various positions: a) supination;
b and c) pronation.
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Figure 2. Radiohrapic imaging of the left hand

Initial management consisted of aggressive wound irrigation with three liters of normal
saline, hemorrhage control, and administration of analgesia, tetanus prophylaxis, and empirical
broad-spectrum intravenous cephalosporin antibiotics. The patient underwent emergency
surgery under general anesthesia within four hours of presentation.

Intraoperatively, tissue viability was assessed using distal oxygen saturation monitoring
and evaluation of capillary perfusion at the wound margins. The procedure involved extensive
debridement, followed by exploration of the tendinous and neurovascular structures, and
stabilization of the index finger using Kirschner wires (K-wires). This fixation method was
selected to provide adequate skeletal stability while minimizing additional soft tissue trauma and
implant bulk, particularly in the pediatric hand. Ruptured flexor tendons were repaired. Despite
significant contamination, primary wound closure was performed using a loose suturing
technique to facilitate drainage of residual contaminants and exudate while maintaining adequate
soft tissue coverage. Postoperatively, the patient received intravenous cefazolin, oral ibuprofen
for analgesia, and routine wound care with paraffin gauze dressings.

After three days of inpatient observation, the patient was discharged with oral medication
and instructions for outpatient wound care. Follow-up included daily wound care and clinical
evaluation every two days. Two weeks after the initial surgery, a second procedure was
performed following clear demarcation of necrotic tissue (Figure 3). This intervention included
repeat debridement, necrotomy, desloughing, hardware removal, and definitive disarticulation
amputation of the index finger at the metacarpophalangeal (MCP) joint to control infection.

gure'3. Necrosis of the left index finger at the metacarpophalangeal level

Postoperatively, the patient was hospitalized for an additional three days for monitoring
and intravenous antibiotic therapy, followed by continued home-based wound care using topical
gentamicin and advanced wound dressings. Subsequent follow-up demonstrated progressive
wound healing, resolution of infection, and declining inflammatory markers. At one- and two-
month evaluations, the surgical site was dry and well healed (Figure 4). Functional assessment
revealed reduced grip strength but preserved range of motion in the remaining digits. The patient
was subsequently enrolled in a structured rehabilitation program under the supervision of a
physical medicine and rehabilitation specialist. No unexpected complications or adverse events
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were observed. The chronological progression of the patient’s condition and management is
summarized in Figure 5.
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Figure 5. Timeline of patient management

DISCUSSION

Blast injuries from firecrackers generate high explosive power with irregular patterns of
destruction and chemical contaminants.5 In pediatric patients, thinner soft tissues and bones with
a high proportion of growth plates reduce the capacity to dissipate blast energy, resulting in
severe damage to muscles, tendons, and neurovascular structures, often manifesting as complex
open fractures.1213 Furthermore, children have a relatively stronger ligaments compared to bone,
making fractures more common than joint dislocations in blast trauma.4

Early surgical debridement remains a cornerstone in the management of open extremity
injuries to reduce contamination and prevent infection. However, current evidence suggests that
the timing of intervention should be individualized based on patient stability and injury severity
rather than adhering to rigid time threshold.15 In this case, emergency surgery was performed
within four hours of presentation following initial stabilization, aiming to limit further tissue
deterioration and facilitate prompt wound decontamination and structural repair. Empirical
broad-spectrum antibiotic prophylaxis with cephalosporins (cefazolin injection intravenous) was
initiated in the emergency department to target the polymicrobial flora commonly associated
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with contaminated blast wounds.1¢ Intraoperative assessment of tissue viability extended beyond
conventional macroscopic indicators such as color and contractility. Distal oxygen saturation
monitoring and evaluation of capillary perfusion were used to assess tissue perfusion around the
injury zone.l” This approach is particularly important in blast injuries, where the deceptive 'zone
of injury' may obscures the true extent of devitalized tissue during the initial evaluation.?

The decision to perform primary wound closure in contaminated blast injuries remains a
subject of clinical debate.!8 In this case, loose primary closure using non-tension sutures was
performed to allow drainage of residual contamination and exudate while protecting repaired
tendons and neurovascular structures.!® Nevertheless, delayed primary closure is generally
recommended in blast-related extremity injuries due to the high level of contamination and the
dynamic evolution of tissue viability, permitting repeated debridement and reassessment prior
to definitive closure.2® K-wires were selected for fracture fixation to provide adequate stability
while minimizing additional soft tissue trauma, particularly in the pediatric hand.2! However,
metallic implants may act as a nidus for bacterial biofilm formation, protecting pathogens from
host immune responses and systemic antibiotics therapy.22

The progression of necrosis in this patient was likely multifactorial, involving primary
blast-induced vascular injury compounded by secondary liquefactive necrosis from bacterial
infection.23 Amputation of the left index finger at the metacarpophalangeal (MCP) joint was
undertaken once limb salvage was no longer feasible, as retention of devitalized tissue posed a
significant risk of ongoing morbidity.1! Although ray amputation is often advocate for improved
cosmetic outcomes through closure the interdigital cleft,2 it requires extensive dissection into
the palm and may increase the risk of spreading infection into deep palmar spaces in the acute
setting.25 Therefore, MCP joint disarticulation was selected as a damage-control procedure to
arrest infection, remove necrotic tissue, preserve palm architecture, and minimize surgical
trauma, despite its association with reductions in pinch and grip strength by up to 33.6% and
43.3% respectively.526

Definitive surgical intervention was delayed for two weeks to allow clear demarcation
tissue, thereby optimizing preservation of viable structures and functional outcomes.25 Loss of
the index finger in pediatric patients has significant long-term implications, as it plays critical role
in pinch grip, power grip, and fine motor function.2?” Amputation may adversely affect hand
function, motor development, and psychosocial adaptation.!? Comprehensive rehabilitation is
therefore essential to minimize long-term disability.28 A structured rehabilitation program
focusing on compensatory pinch mechanics and range-of-motion exercises for the remaining
digits is crucial to restore function and prevent secondary complications such as joint
contractures.”

This case highlights the challenges in accurately assessing tissue viability in the early phase
of blast injuries, particularly in heavily contaminated wounds. Despite prompt surgical
intervention, injury progression may occur due to the dynamic nature of the zone of injury and
the risk of secondary infection. These findings underscore the importance of repeated clinical
reassessment and timely escalation to definitive damage-control procedures when limb salvage
is no longer achievable.

CONCLUSION

Pediatric hand blast injuries may lead to complex open fractures and severe infection
despite early surgical intervention. Accurate assessment of tissue viability, meticulous
debridement, and close postoperative monitoring are essential, as progressive infection and
irreversible tissue damage may preclude limb salvage and necessitate amputation as a damage-
control strategy. These findings underscore the importance of early recognition, vigilant follow-
up, and strengthened preventive measures to reduce firecracker-related injuries in children.

CONFLICT OF INTEREST

The authors declare that there are no conflicts of interest related to this case report. The
authors confirm that no financial or personal relationships with other individuals or

141



JKKI 2026;17(1): 137-144 Nugroho, et al. Blast injury of the hand...

organizations have inappropriately influenced the work reported in this manuscript. Written
informed consent for publication was obtained from the patient’s parents.

ACKNOWLEDGMENTS

The authors would like to thank the medical and nursing staff involved in the emergency
care, surgical management, and rehabilitation of the patient for their clinical support. The authors
also acknowledge the patient and his family for their cooperation and consent to share this case
for scientific and educational purposes.

DATA AVAILABILITY STATEMENT

The data supporting the findings of this case report are contained within the manuscript.
Additional clinical details are not publicly available due to ethical and privacy considerations but
may be provided by the corresponding author upon reasonable request.

SUPPLEMENTARY MATERIAL(S)
No supplementary materials were included in this case report.

AUTHORS CONTRIBUTIONS

The authors confirm their contributions to the manuscript as follows: study conception and
design: A.N.,, A.A.Z,, and T.N.Y,; clinical management and patient care: A.N.; case supervision and
discussion: T.N.Y.; data collection: A.A.Z. and A.N.; draft manuscript preparation: A.A.Z. All authors
reviewed and approved the final version of the manuscript and take responsibility for the
integrity of the work.

DECLARATION OF USING AI IN THE WRITING PROCESS

The authors declare that artificial intelligence (Al)-assisted tools were used solely for
language editing and grammatical refinement during the preparation of this manuscript. All
clinical data, diagnostic assessments, therapeutic decisions, and scientific interpretations were
entirely generated and verified by the authors. The use of Al did not influence the originality,
clinical judgment, or scientific conclusions of this case report.

LIST OF ABBREVIATIONS
MCP: Metacarpophalangeal; NSTI: Necrotizing Soft Tissue Infection; BOAST: British Orthopaedic
Association Standards for Trauma

REFERENCES

1. Rivedal DD, Coon C, Sanger JR, Hettinger P. Blast injury to the hand: Assessing the injury
pattern and functional outcome of the thumb. Plastic and Reconstructive Surgery - Global
Open. 2021;9(9):e3767. D0I:10.1097/G0OX.0000000000003767.

2. Amador RO, Ozkan S, Chen NC, Eberlin KR. Firework injuries of the hand: An analysis of
treatment and health care utilization. HAND. 2020;15(6):831-6.
DOI:10.1177/1558944719829905.

3. Gordon AM, Malik AT, Tamer R, Khan SN, Goyal KS. Firework injuries to the hand in the united
states: An epidemiological and cost analysis. Orthopedics. 2023;46(3):180-4.
DO0I:10.3928/01477447-20230104-05.

4. Utomo P, Siswanto T. Clinical profile of patients with manus fracture caused by firecracker
blast. Indonesian Journal of Medicine. 2020;5(1):57-62.
DOI:10.26911 /theijmed.2020.05.01.09.

5. Fueth M, Bausen S, Schmidt SV, Reinkemeier F, Drysch M, Steubing Y, et al. Explosion-related
polytrauma from illicit pyrotechnics: Two case reports and a public health perspective.
European burn journal. 2025;6(2). DOI:10.3390/ebj6020031.

142



JKKI 2026;17(1): 137-144 Nugroho, et al. Blast injury of the hand...

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Prat NJ, Daban ]L, Voiglio E], Rongieras F. Wound ballistics and blast injuries. Journal of
Visceral Surgery. 2017;154:59-12. DOI:10.1016/j.jviscsurg.2017.07.005.

Terrence Jose Jerome J. Firecracker blast injury to the hand in children. Orthoplastic Surgery.
2022;9(€):93-9.D0I1:10.1016/j.orthop.2022.08.005.

Nellans KW, Chung KC. Pediatric hand fractures. Hand Clinics. 2013;29(4):569-78.
DO0I:10.1016/j.hcl.2013.08.009.

Hacking C, Lustosa L, Smith H. Gustilo and anderson classification of open fractures. In:
Radiopaedia.org. Radiopaedia.org; 2016. DOI:10.53347 /rID-48720.

Louer CR, Scott-Wyard P, Hernandez R, Vergun AD. Principles of amputation surgery,
prosthetics, and rehabilitation in children. Journal of the American Academy of Orthopaedic
Surgeons. 2021;29(14):e702-13. DOI1:10.5435/JAAOS-D-20-01283.

Crowe CS, Yu JL, Yesantharao P, Keys K, Kennedy SA. Predictors of mortality and amputation
in patients with necrotizing soft tissue infections of the upper extremity. The Journal of Hand
Surgery. 2022;47(7):629-38. D0I:10.1016/j.jhsa.2022.02.017.

Adhikari S, Bandyopadhyay T, Sarkar T, Saha ]. Blast injuries to the hand: Pathomechanics,
patterns and treatment. Journal of Emergencies, Trauma, and Shock. 2013;6(1):29.
DOI1:10.4103/0974-2700.106322.

Wahba G, Cheung K. Pediatric hand injuries: Practical approach for primary care physicians.
Canadian family physician Medecin de famille canadien. 2018;64(11):803-10.

Tarkunde YR, Clohisy C]J, Calfee RP, Halverson SJ, Wall LB. Firearm injuries to the wrist and
hand in children and adults: An epidemiologic study. HAND. 2023;18(4):575-81.
DOI:10.1177/15589447211058815.

Bakshi AS, Rehncy |S, Sharma M, Singh ], Nanda A, Mehta H, et al. Association of surgical
debridement timings with infection and non-union rates in open fractures of lower limb long
bones. Cureus. 2025;17(1). DOI: 10.7759/cureus.77392

Wibisono RTM, Utomo DN, Widodo ADW. Antibiotic susceptibility of bacteria isolated from
open fracture grade Il presenting to dr. Soetomo General Academic Hospital, Surabaya.
Journal Orthopaedi and Traumatology Surabaya. 2021;10(1):1-10.
DO0I:10.20473 /joints.v10i1.2021.1-10.

Atthakomol P, Thachooprakorn N, Phinyo P, Manosroi W. Open fractures of the hand: A new
classification based on risk score to predict infection requiring re-debridement. Journal of
Hand Surgery (European Volume). 2023;48(11):1214-20.
DOI:10.1177/17531934231187553.

Coombs |, Billow D, Cereijo C, Patterson B, Pinney S. Current concept review: Risk factors for
infection following open fractures. Orthopedic research and reviews. 2022;14:383-91.
DOI:10.2147 /ORR.S384845.

Suzuki T, Inui T, Sakai M, Ishii K, Kurozumi T, Watanabe Y. Type III Gustilo-Anderson open
fracture does not justify routine prophylactic gram-negative antibiotic coverage. Scientific
Reports. 2023;13(1):7085. DO1:10.1038/s41598-023-34142-7.

Karembé B. Place of delayed primary closure in ballistic wounds and by explosive devices at
the Somine Dolo Hospital in Mopti. SAS ] Surg. 2024 Apr;4:526-31. DOLI:
10.36347 /sasjs.2024.v10i04.030.

Pullan ], Ayeko O, Metcalfe |. Buried or exposed Kirschner wires in paediatric upper extremity
fracture fixation: A systematic review and meta-analysis of infection rates and complications.
Injury. 2025;56(2):112155. DOI:10.1016/j.injury.2025.112155.

Giarritiello F, Romano CL, Lob G, Benevenia ], Tsuchiya H, Zappia E, et al. Enhancing pathogen
detection in implant-related infections through chemical antibiofilm strategies: A
comprehensive review. Antibiotics. 2024;13(7):678. DOI: 10.3390/antibiotics13070678.

Hamdan HKH, Al Shami SYA. Post explosive wound necrotizing fasciitis medical observation
and management. European Journal of Medical and Health Sciences. 2025;7(2):135-9.
DOI:10.24018/ejmed.2025.7.2.2287.

143



JKKI 2026;17(1): 137-144 Nugroho, et al. Blast injury of the hand...

24.

25.

26.

27.

28.

Bhat AK, Acharya AM, Narayanakurup ]JK, Kumar B, Nagpal PS, Kamath A. Functional and
cosmetic outcome of single-digit ray amputation in hand. Musculoskeletal Surgery.
2017;101(3):275-81.DOI1:10.1007 /s12306-017-0484-x.

Oliva F, Gargano G, Quaranta M, Piccirilli E, Maffulli N. Ray amputation vs finger amputation:
A systematic review. Muscle Ligaments and Tendons Journal. 2022;12(02):235.
DOI:10.32098/mltj.02.2022.18.

Li AY, Watt A]. Approach to complex upper extremity reconstruction. Seminars in plastic
surgery. 2022;36(4):221-32. D0OI1:10.1055/s-0042-1758131.

Bott SM, Rachunek K, Medved F, Bott TS, Daigeler A, Wahler T. Functional outcome after digit
replantation versus amputation. Journal of Orthopaedics and Traumatology. 2022;23(1):35.
DOI:10.1186/s10195-022-00654-7.

Fonseca |, Figueiredo P, Lemos Pereira P. The role of rehabilitation in pediatric amputation -

A 10-year retrospective study in a Portuguese population. International Physical Medicine &
Rehabilitation Journal. 2022;7(1):21-4. DOI:10.15406 /ipmrj.2022.07.00298.

144



