
Journal of Musculoskeletal Surgery and Research • Article in Press | 1

Case Report

Debridement, antibiotics, and implant retention in a 
fracture-related infection with flexible forearm nail 
in situ: A case report of a successful outcome in an 
adolescent
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INTRODUCTION

Pediatric open forearm fractures are uncommon injuries and have the potential for later 
complications, including fracture-related infection (FRI), delayed healing, or non-union. Displaced 
pediatric forearm fractures are routinely managed with flexible nails and the procedure is largely 
safe and effective.[1] Usually, minor complications are noted with flexible nails and most of them 
are related to prominent nail ends.[2] Radius nailing is reported to have more complications than 
ulnar nailing, but most complications are minor, usually resolved with time, and do not require 
any unplanned surgery. Infection following flexible forearm nailing is reported in many studies 
as superficial soft-tissue infection around prominent nail ends, which finally heals by regular 
dressing, oral antibiotic, or hardware removal in recalcitrant cases.[2,3] Fulminant osteomyelitis or 

ABSTRACT
Debridement, antibiotics, and implant retention (DAIR) is a well-described strategy for arthroplasty-related 
infections, resulting in good outcomes in selected cases. Fracture-related infection (FRI) poses a significant 
challenge to bone healing and the final outcome. FRI becomes a nagging problem for the treating physician and 
the patient alike. Various treatment modalities are described for the management of FRI, and one is selected 
based on the patient and disease characteristics. FRI in pediatric age is an uncommon entity. We hereby describe 
our case of an adolescent boy with FRI of the ulna bone in the setting of a well-fixed both-bone forearm fracture. 
FRI was successfully managed following the principle of DAIR with periodic debridement. Compliant follow-up 
and regular dressing can result in an uneventful healing of the FRI. DAIR can be a good option in an otherwise 
healthy pediatric case with implants in situ involving a segment of the forearm bone. A progressively encouraging 
result, following DAIR, should be checked before further continuation of the treatment. DAIR in selected cases, 
thus, is a viable option against FRI in pediatric forearm fractures.

 Keywords: Complication; Debridement, antibiotics, and implant retention; Flexible nailing; Forearm fractures; 
Infection; Open fracture; Pediatric

How to cite this article: Dharmshaktu GS. Debridement, antibiotics, and implant retention in a fracture-related infection with flexible forearm nail in situ: 
A case report of a successful outcome in an adolescent. J Musculoskelet Surg Res. doi: 10.25259/JMSR_466_2024

is is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share 
Alike 4.0 License, which allows others to remix, transform, and build upon the work non-commercially, as long as the 
author is credited and the new creations are licensed under the identical terms. ©2025 Published by Scientific Scholar on 
behalf of Journal of Musculoskeletal Surgery and Research

 *Corresponding author: 
Ganesh S. Dharmshaktu, MS. 
Department of Orthopaedics, 
Government Medical College, 
Haldwani, Uttarakhand, India.

drganeshortho@gmail.com

Received: 21 October 2024 
Accepted: 13 December 2024 
Epub ahead of print: 30 January 2025 
Published:

DOI 
10.25259/JMSR_466_2024

Quick Response Code:

www.journalmsr.com

Journal of Musculoskeletal Surgery 
and Research

Article in Press

https://dx.doi.org/10.25259/JMSR_466_2024
https://dx.doi.org/10.25259/JMSR_466_2024


Dharmshaktu, et al.: DAIR in forearm fractures

Journal of Musculoskeletal Surgery and Research • Article in Press | 2

chronic bone infections are not widely reported after using 
flexible forearm nails. A  low complication rate following 
elastic forearm nailing is reported in a large series of 
201  cases (202 fractures).[4] Localized infection following a 
pre-existing open wound is a challenging complication, but 
there is no consensus on its management. e debridement, 
antibiotics, and implant retention (DAIR) method, widely 
utilized in infected scenarios such as that following major 
joint arthroplasties, has also been selectively utilized in FRI.[5] 
e successful use of the DAIR method in a pediatric case, 
having an infected segment of the ulna with a flexible nail in 
situ, is described here with relevant details. As the literature 
regarding, the use of DAIR in pediatric FRI cases is scant, and 
the following report aims to enrich the literature in this regard 
and improve future studies in this context.

CASE REPORT

A 14-year-old adolescent male presented to us with a history 
of injury following a fall from a moving vehicle into the road. 
ere was immediate pain, deformity, and an open bleeding 
wound over the volar aspect of the mid-forearm region. He 
was rushed to us and provided first aid and cleaning of the 
wound. ere was an approximately 3 × 2  cm open wound 
over the volar middle forearm [Figure  1a]. ere was no 
visible bone, and the distal neurovascular status was intact. He 
could actively move his fingers and wrist. A radiograph of the 
forearm was done, and it revealed diaphyseal fractures in both 
bone forearms [Figure  1b]. On closer inspection, a radio-
opaque foreign body was noted near the fracture site. e 
wound was cleaned in the emergency with copious lavage and 
visible dirt, and one small stone piece was removed. Following 

the cleaning and dressing of the wound, a protection slab 
was applied [Figure 1c]. e fracture was then planned to be 
fixed following an adequate debridement of the open wound. 
orough cleaning and debridement of the wound were done 
during the operation until it was healthier, and a small stone 
piece as the embedded foreign body was removed. After 
achieving a healthier wound, the forearm fracture was then 
managed by flexible titanium elastic nails for the radius and 
ulna [Figure 2a]. e ulna nail was easily introduced, and a 
mini-incision was used in the dorsal forearm region to assist 
with radius nailing. e wound was closed in layers and a 
protection plaster slab was applied.

Postoperatively, intravenous antibiotic ceftriaxone 1  g was 
given for 5  days, followed by oral cefuroxime 250  mg twice 
daily for the next 14  days. Ceftriaxone and amikacin are 
the standard antibiotics for routine use for Gram-positive 
and negative coverage, respectively, at our hospital based 
on institutional antibiograms. e perioperative period 
was uneventful, and the stitches were removed on the 
12th  day. e plaster slab was continued for 2 more weeks 
and removed after that, followed by the initiation of active 
range of motion exercises for the forearm. After 2 months of 
surgery, serous discharge was noted from the ulnar wound, 
and the radiographs revealed cortical irregularity noted over 
the corresponding ulnar region [Figure  2b]. e cell counts 
were not remarkable and there were no systemic features 
of infection. e wound underwent debridement in the 
operation theater under regional anesthesia and deep-tissue 
cultures were taken for Gram stain, acid–fast bacillus staining, 
and fungal culture. e presence of Staphylococcus aureus, 
sensitive to third-generation cephalosporins, was identified 

 Figure 1: (a and b) e clinical image shows the forearm injury with a wound over the volar aspect 
(red thick arrow), corresponding to the ulna region (red hollow arrow) in a both-bone forearm 
fracture. (c) e radiograph following the cleaning, debridement, removal of foreign body (stone), 
and plaster slab application.
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Figure 2: (a) e radiograph shows well-reduced fracture fixation with flexible nails in the radius and 
ulna. (b) Cortical irregularity and localized infection were noted over the ulna. (c) e infection was 
managed with regular dressing and implant retention.

in the culture. Regular dressing and intravenous ceftriaxone 
were continued for 4 weeks, followed by 4 more weeks of oral 
therapy. e discharge became gradually scanty and serious 
over the course of treatment. e provisional diagnosis of 
localized FRI was made and regular dressing resulted in wound 
healing and discharge cessation. At the 4-month follow-up, 
no apparent infection or discharge was present, though the 
radiographs showed gradual cortical healing over the infected 
site [Figure  2c]. At the 13-month follow-up, the forearm 
wound was completely healed [Figure  3a], and the fractures 
showed sound union and healing of the infection with no 
radiological evidence of bony lysis, lucency, or sequestra 
[Figure 3b]. e patient had a full regain of elbow and forearm 
rotation movements and was painlessly performing activities 
of daily living while awaiting implant removal in the future 
[Figure 3c and d]. e patient, however, did not turn up for 
implant removal due to a change of address to a distant area. 
We were informed, when contacted telephonically, that he 
consulted a nearby hospital for the same.

DISCUSSION

Flexible nails have reduced operative time and hospital stay, 
and when compared to plate fixation, the complication rates 
(refracture, infection, implant failure, and non-union) are 
comparable.[6,7] As low-grade superficial infection is seen 
in most cases, complicated bone infections are largely rare. 
Only one case of osteomyelitis was noted in a large series of 
553 children treated with flexible forearm nailing.[7] Our case 
had a pre-existing open wound with an embedded foreign 
body, and infection occurred despite the best precautions. It 
was noted as an undesirable complication. Despite adequate 
debridement, a protracted course with serous discharge and 
localized osteomyelitis was noted.

DAIR has been practiced and advocated in post-arthroplasty 
infections or prosthetic joint infections as a viable treatment 
option.[8] DAIR has also been described as a viable option in 

FRI.[9] Our case met the confirmatory criteria of FRI as per the 
description by Metsemakers et al., with the presence of a sinus 
over the ulna, discharge of pus, and S. aureus isolated from the 
deep culture during the course of treatment.[10] Our case was 
delayed FRI as per the criteria used in a previous publication 
that classifies FRI into three types – early (<2 weeks), delayed 
(2–10  weeks), and late (>10  weeks).[10,11] e success of our 
treatment may have been positively affected by the proper 
use of DAIR. Early initiation of DAIR following FRI has been 
reported to yield better outcomes, and if it is started within 
10 weeks of FRI, it may be even more effective.[12]

e recent FRI prevention strategy is a multidisciplinary care 
approach. It includes well-coordinated brainstorming between 
the consultant, hospital infection control, and primary team 
members (including the anesthesia and nursing team).[13]

A multidisciplinary team approach is recommended 
to manage FRI comprehensively.[14] In many centers of 
developing nations, such elaborate teams are not widely 
available, and thus, dependence on personal or eminence-
based evidence determines the course of management.

DAIR is among three common treatment options for FRI, with 
removal (or exchange of implant) or removal.[9,15] e selection 
of one treatment is based on various factors, such as the 
organism, host, and environment (bone and soft-tissue status).

DAIR approach is suitable option in the setting of a short 
duration of ongoing symptoms, well-reduced and fixed 
fracture with stable implants and presence of good soft 
tissue envelope. Multistage implant exchange is reserved 
for compromised local and systemic host characteristics, 
recalcitrant pathogens, intramedullary implants, or those 
cases with long-standing biofilm, reinfections, or failed DAIR 
attempts.[15] A short overview of the three common treatment 
strategies, based on various literature cited in the article, is 
presented here for general readership [Table 1].
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CONCLUSION

Judicious use of DAIR in FRI of pediatric forearm bones may be 
a viable option for FRI. Early use of DAIR may help in infection 
control along with the fracture union in selected cases.
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Figure 3: (a and b) e final clinical image shows the healed wound, 
along with a completely united fracture. (c and d) e full regain 
of elbow and pronation-supination movement is noted in the final 
follow-up.

Table 1: Describing key differences between three common treatment strategies for fracture-related infection.

Treatment 
method

Basic prerequisite Pros Cons

Implant removal Well-united fracture 1. Decreases bio-burden
2.  Process can be coupled with 

debridement

1. Patient optimization for surgery
2. Risk of refracture

Implant retention Well-perused soft-tissue 
envelope.
Good debridement 
necessary

Retention may help the union 1. Variable success rate
2. Good only for cases where fracture union seems likely
3. Potential recurrence of infection
4. Chronicity of infection increases
5.  Multiple debridement may increase the length of stay 

and expenditure 
Implant revision Patient literacy for 

prognosis and outcome
Good for impending infected 
non-union

1.  Elaborate strategies considering factors like host and 
organism to be planned

2.  Detailed planning of further procedures to be 
planned, such as the type of surgery, implant and 
whether one or staged procedures, etc.
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