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Abstract 
 

Osteomyelitis, especially in the growing skeleton, is a complex diagnosis and a good 

management will always be a challenge. Based on two extraordinary case reports the 

entire spectrum of the disease, its etiology, causes, potential complications and possible 

outcomes are presented and discussed in front of a comprehensive literature review. 

Modern treatment comprises surgical and non - surgical parts, and is usually a long - term 

and cost - intensive one.  

A child - centred and child - accepted management of the osteomyelitic lesion is 

therefore of utmost importance. Thus, advanced treatment protocols, a big personal 

experience and the whole armentarium of surgical and non - surgical treatment modalities 

taken straight out of a modern and progressive pediatric surgery are needed to achieve a 

good outcome. 
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Introduction 
 

In the growing skeleton bone infection starts to develop when blood - borne bacterias 

seed in the metaphysis blood vessel located near the growth plate. Any bone of the skeleton 
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can be involved, however tibia and femur are most frequently affected (= acute hematogenous 

osteomyelitis (AHO)).  

In case of a traumatic - induced osteomyelitis (= secondary osteomyelitis (SO)) the 

infected material enter the bony integrity either through a soft tissue defect, or less frequently 

a remaining foreign body. In the final stage the periosteum is elevated from its bony matrix 

by the pressure built up within the bone and the outwards tracking pus (= subperiostal 

abscess).  

The spreading infection renders the bone ischemic and destroys it subsequently. If the 

infection is left untreated, new bone (= involucrum) forms around a segment of dead bone 

called ―sequestrum‖. Occasionally, the infection can either drain into a joint or via a sinus 

tract externally [1 - 7]. 

―Acute osteomyelitis (AO)‖ has been defined as an infection diagnosed within 2 weeks 

after onset of symptoms. Earliest time to set up the diagnosis of ―subacute osteomyelitis‖ is 2 

weeks later. Therefore,―chronic osteomyelitis‖ can be diagnosed only months after the first 

onset of symptoms. But it should be kept in mind, that at least to some degree, this time frame 

is dependant on the virulence of bacteria being causative for the infection as well [4].  

Despite any given relevance of a classification scheme, osteomyelitis in children is in 

general of hematogeneous origin and most often acute, if compared to adult patients. This is 

related to the endosteal blood supply in the growing bones of children raising the prevalence 

rate of the hematogenous route of infection drastically [5]. 

In patients presenting with AHO the clinical picture most likely will be classic, while in 

patients with SO the clinical response will be altered. Due to the fact, that SO - patients still 

suffer from an inadequately treated contiguous focus of infection, deriving from an open 

fracture or a step wound, respectively [4]. 

The history might even be similar to a blunt trauma of a limb. In due course symptoms 

like distinct pain and tenderness, swelling and edema, restricted range of motion and no 

weight bearing might follow. Even fever and erythema among others are possible. In almost 

all cases the erythrocyte sedimentation rate (ESR) is highly elevated ( = most classical lab 

finding) [3, 5 - 15].  

Plain radiographs are still the primary imaging modality in use for the diagnosis and 

differential diagnosis of osteomyelitis. But the medico - technical progress of newer imaging 

techniques, like scintigraphy (technetium 99 bone scan), ultrasonography (musculo - skeletal 

and soft tissue), computed tomography (CT), and magnetic resonance imaging (MRI), has 

resulted in a higher degree of accuracy in diagnosis and the extent of the disease. Nowadays, 

ie Technetium 99m bone scans, can confirm the diagnosis as early as 24 - 48 h after onset in 

90 - 95 % of all patients [3, 4, 6 - 8, 11, 13 - 16]. 

But despite this technical progress, osteomyelitis is still a challenging diagnosis, that 

could be easily overlooked or missed. Especially in infants and children, because of the 

sometimes quite ―unusual‖ presentation. 

 

 

Case Report I 
 

A 10 y old Angolian girl has been admitted for specialist treatment of her severe 

multifocal osteomyelitis and subsequent complications. The girl felt down from a bridge into 
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the desiccated river bed a few years ago. In her home village only basic medical care has been 

available, and she has become more and more haggard and abatic in the months of her 

ailment.  

In addition, she got more and more isolated by her classmates and friends due to her 

handicap and disability. Finally, she could be airlifted to Germany for this specialist treatment 

funded by a charity grant.  

Primary and secondary diagnoses are listed in detail in table 1. The multifocal chronic 

osteomyelitis foci in her hips and long bones, continuously infected and periodically draining 

into a wide osteo - cutaneous fistula network has been identified as her main problem  

(Figure 1). Next to the disastrous sequelae following the irregular bone healing on her 

musculo - skeletal system caused by this still uncontrolled infection (Figures 2 and 3). 

Complicated even more by her weak general physical and psychological condition driving her 

straight in a Post Traumatic Stress Disorder (PTSD) syndrome as well. Therapy has been long 

- lasting and based on several surgical procedures and non - surgical interventions. 

Altogether, the little girl underwent 14 surgeries, intensive pediatric surgical care, long term 

antibiotic treatment and continuous psychological support. In the first instance therapy 

focused on wound debridement and clearance of the infected and bacteria - overloaded tissue, 

before wound bed preparation and promotion of healthy granulation tissue could be aimed 

for. Followed by several demanding reconstructive procedures, finally and fortunately ending 

up in a straight forward wound and bony healing. However, the entire armentarium of 

classical and progressive pediatric wound management techniques available has to be used, 

accordingly. For details see table 2 and Figure 4. In the long run her multifocal osteomyelitic 

bone infection foci could be cleared off, and her skeletal deformities (Figure 5) well 

corrected, too. All her wounds healed well (Figure 6). She got back a good range of motion in 

her affected joints, enableing her to go back to school and to start playing around with her 

classmates again. Within a short time she gained several kilograms of weight, after being able 

to open up her mouth wide enough again to eat normal solid food. Her self - esteem came 

back, she was participating in social life and eager to travel back to her family in her home 

country. 

 

Table 1. Diagnoses at - a - glance, patient I 

 

Primary Diagnoses: 

 

 multifocal osteomyelitis of the pelvis, femura and the left mandibular joint 

with periodically discharging osteo - cutaneous fistulas, post trauma and 

Salmonella (enteritidis) infected (Figure 1) 

 bony fusion of both hip, and the left mandibular joint (Figures 2, 3) 

 in malalignment fixed bilateral femur fractures (Figure 2) 

 left - sided knee joint arthrodesis 

 left - sided otitis media 

 cachexia and anemia 

Secondary Diagnoses: 

 

 Post Traumatic Stress Disorder (PTSD) Syndrome 

 re - fracture of the left - side femur rotational osteotomy (Figure 5c) 
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Figure 1. Multitrack osteo - cutaneous fistula network on display. 

 

Figure 2. Osteomyelitic foci and their destructive sequelae on display. 
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Figure 3. Left mandibular joint osteomyelitic focus. Left x - ray preoperative, right postoperative. Inlay: 

rib - cartilage transplant for the mandibular joint replacement. 

Table 2. Summary of therapies performed in patient I 

 
Non - Surgical Therapies: 

 

 Pediatric Intensive Care Unit (PICU) 

 iv antibiotics, invigorating measures 

 psychological support 

 physio - (PT) and occupational (OT) therapy 

Surgical Therapies: 

 

 S I, d 0: tracheotomy, wound evaluation, fistula network excision I (Figure 4a), topical negative 

pressure (TNP) dressing I (V.A.C.®, KCI Medical, Wiesbaden, Germany) (Figure 4f), joint 

mobilisation I 

 S II, d 3: fistula network excision II (Figure 4b), bone specimen I, joint mobilisation II, TNP 

dressing change II 

 S III, d 7: bony fused hip joints break off (Figure 4c), femur distraction - wire extension Ḷ , TNP 

dressing change III, joint mobilisation III, botuliniumtoxine (Botox®) injection 

 S IV, d 16: TNP dressing removal, enzymatic wound therapy (Figure 4d), wound revision, fistula 

network excision III, biosurgery (maggots) (Figure 4e), bone specimen II, joint mobilisation IV 

 S V, d 21: tympanoplasty I (ENT department) 

 S VI, d 23: partial hip joint arthroplasty with Mytek® anchor Ṛ  (Figure 5a), jet lavage, TNP 

dressing IV, joint mobilisation V 

 S VII, d 30: TNP dressing change V, removal of stitches 

 S VIII, d 35: removal of implants I, hip joint capsule and fascia plasty Ṛ , secondary suture I 

 S IX, d 42: femur rotational osteotomy, external fixateur Ḷ  (Figure 5b), knee joint mobilisation I, 

secondary suture II 

 S X, d 49: rib - cartilage transplant for mandibular joint replacement Ḷ  (Figure 3 b), joint 

mobilisation VI 

 S XI, d 106: tracheostoma closure, removal of implants II, knee joint mobilisation II 

 S XII, d 117: open reduction of the re - fractured femur correction osteotomy, external fixateur 

and intramedullary nail I, bone graft, muscle flap Ḷ  

 S XIII, d 196: removal of implants III, intramedullary nail II (Figure 5d), quadrizeps tendon 

plasty Ḷ   

 S XIV, d 356: removal of implants IV (outpatient procedure) 

d = day post arrival procedure take place. 
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Figure 4. Classical and progressive wound management techniques applied in patient I. a) Excision of 

inflammed fistula network. b) Excision of a discharging sinus tract. c) Surgical debridement and 

necrosectomy. d) Enzymatic wound therapy. e) Biosurgical (maggots) wound therapy. f) TNP/V.A.C.® 

therapy. 
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Figure 5. Short picturesque summary of skeletal procedures performed. a) Hip joint arthroplasty with 

Mitek® anchors. b) Femur rotational osteotomy, external fixateur. c) Re - fracture of the osteotomy 

site. d) Intramedullar nailing, ROI scheduled. 
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Figure 6. Final result: wounds closed, stable scars. 

 

Case Report II 
 

During his first visit back in his homeland Kazakhstan, after emigration of his family to 

Germany years ago, this 8 year - old boy suffered a distal left forearm fracture (type Salter - 

Harris IV) (Figure 7), while jumping around on the playground. He did receive immediately 

first aid treatment (cast splinting) in the remote hospital near his village, but in the short run 

his initially closed fracture has been converted into an open one, unfortunately. After 

developing osteomyelitis and sepsis he had to be admitted, later his critical condition even 

forced his transfer to a tertiary care ICU facility. After four weeks he has been repatriated to 

Germany on his parents`request, after his condition has been stabilized and all visa affairs 

cleared off.  

Primary and secondary diagnoses are listed in detail in table 3. As his main problem the 

still active osteomyelitis foci in his forearm feeded by the underlying infected bone sequesters 

has been identified.  

Because, these sequesters have still been draining into multiple infected open wounds at 

different levels of the forearm. During closer inspection complex (iatrogenic) vessel - , nerve 

- and tendon injuries have been found hidden behind in these wounds as well. Even 

aggravated by an underlying compartment syndrome - Volkmann`s contracture, and in severe 

malalignment (already fixed by callus formation) dislocated bone at the wrist level. The 

whole extremity has been painful and showed only a marginal active/passive range of motion 

(ROM) (Figure 8). 
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Figure 7. Primary x - rays of the forearm fracture. a) After the accident. b) After reduction. 
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Table 3. Diagnoses at - a - glance, patient II 

 

Primary Diagnoses: 

 

 closed dislocated left distal forearm (Salter - Harris type IV) (Figure 7) 

 fracture conversion from closed into open 

 posttraumatic osteomyelitis, sepsis 

Secondary Diagnoses: 

 

 multi - level osteomyelitis, infected bone sequesters 

 in malalignment fixed bones at the wrist level 

 underlying Compartment Syndrome - Volkmann`s Contracture 

 complex vessel -, nerve -, and tendon injuries 

 multiple infected open wounds (all Figure 8) 

 chronic pain  

 Post Traumatic Stress Disorder (PTSD) Syndrome 

 re - dislocation of the wrist due to vanishing radial bone 

 progressive malalignment of the wrist (all Figure 10) 

 increasing functional extensor tendon deficit after bony reunion of the wrist 

arthrodesis 

 

 

Figure 8. Secondary x - rays and clinical findings.  

Within the first three months 5 major surgical procedures have been undertaken to correct 

the bony malalignment, to control the infection and to start closing the wounds (Table 4) 

(Figure 9). Despite an uneventful course after all these operations, approximately 4 months 

after start of treatment, re - dislocation of the wrist due to vanishing radial bone unfortunately 

has to be considered (Figure 10). Another ORIF (Ilisarov - fixateur) has to be undertaken and 
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plans already made for tendon reconstruction have to be postponed.Since the malalignment 

has been progressing, in addition the decision for another ORIF (rush pin osteosynthesis) has 

to be made (Figure 11). Ending up finally in a wrist arthrodesis and stable bony reunion. To 

restore the extensor motor function deficit a tendon replacement has been performed, when 

removing all other implants (ROI) (for details see Table 5). (Figure 12). 

 

 

Figure 9. Short picturesque summary of skeletal and soft tissue procedures performed during the first 3 

months. 

 

 

Figure 10. Skeletal and clinical status after the first 3 months of treatment. a) - a```) Before diagnosis of 

vanishing bone has been made. b) - b```) After diagnosis of vanishing bone has been made. 
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Figure 11. ORIFs (Ilisarovfixateur/Rusch pin) done to correct progressing malalignment of the wrist 

due to Vanishing Bone disease. 

 

 

Figure 12. Tendon replacement surgery to improve extensor motor function deficit. 
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Table 4. Summary of therapies performed in patient II 

 

Non - Surgical Therapies: 

 

 Pediatric Intensive Care Unit (PICU) 

 iv antibiotics, invigorating measures 

 psychological support 

 physio - (PT) and occupational (OT) therapy 

Surgical Therapies: 

 

 S I, d 2: open reduction, external fixateur, sequester removal I, wound debridement I, topical 

negative pressure (TNP) dressing I (V.A.C.®, KCI Medical, Wiesbaden, Germany) (Figure 

9) 

 S II, d 7: open re - reduction, modified external fixateur, sequester removal II, tension wire 

osteosynthesis, flexor tendon repair D V, wound debridement II, topical negative pressure 

(TNP) dressing II (V.A.C.®, KCI Medical, Wiesbaden, Germany) (Figure 9) 

 S III, d 25: local skin flaps, Integra ® dermal regeneration template (Johnson and Johnson, 

Hamburg, Germany) (Figure 9). 

 S IV, d 60: wrist arthroplasty, PIP D V arthrodesis, mesh graft (Figure 9) 

 S V, d 85: tenolysis, ROI (Figure 9) 

 S VI, d 121: ORIF (Ilisarov fixateur), silicone spacer, arthrodesis D V 

 S VII, d 135: ORIF (Ilisarov fixateur/Rush pin), modified wrist arthrodesis (ulnar - MCIII) 

(Figure 11) 

 S VIII, d 180: ROI, tendon replacement surgery (Table 5; Figure 12) 

d = day post arrival procedure take place. 

 

 

Figure 13. Final outcome at late follow - up.  
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Table 5. Diagramatic plan of reconstructive tendon replacement  

in patient II (Figure 12) 

 

Extensor Carpi Ulnaris ►►► Extensor Tendon III and IV 

Extensor Digitorum ►►► Extensor Policis 

Extensor Carpi Radialis ►►► Extensor Indicis 

For grafts palmaris longus - tendon and parts of flexor carpi radialis - tendon have been used. 

 

In the long run, infection could be controlled, and all wounds closed. Stable musculo - 

skeletal reconstruction with a length discrepancy of the forearm of -3 cm has been achieved. 

Good adduction of the thumb, good range of motion of DIP and PIP joints of the fingers II - 

IV. Fair ROM of the MC joints (active/passive) ~ 70 %. The boy has been able to write 

slowly, to grasp large objects and to hold the handle bar of his bicycle without pain again 

(Figure 13).  

 

 

Discussion 
 

The management of any type of osteomyelitis is quite complex and a considerable 

challenge for every clinician in charge. Especially in the pediatric patient, where every 

treatment needs to be child - adapted, child - friendly, and last but not least child - proofed as 

well. Otherwise it will neither be accepted by the patient nor the parents. Thus, the entire 

management should rely on evidence based techniques on the one hand, while taking 

advantage from new, innovative and progressive technologies on the other hand, tool, to be 

finally successful and most effective [17 - 19]. 

Musculo - skeletal complications are within the most frequent concerns after the 

diagnosis ―osteomyelitis‖ has been made. Namely, they are fusion or non - union, deformity, 

instability, pathological fracture and vanishing bone among others. In some aspects the 

osteomyelitis is the direct cause, in some others the ―complications‖ may act as predisposing 

factors themselves [6, 7, 11, 13, 20 - 24]. Even a compartment syndrome is within the scope 

like in our second patient, or like in a 4 year old girl, where the AHO of her proximal fibula 

caused the deleterious compartment syndrome itself [25].  

Complications and sequelae like this, especially in the still growing organism of a child, 

have always to beconsidered as a big (financial) burden for the society and the health care 

system. Associated with modern wound therapy products, long term antibiotics, difficult 

numerous surgical procedures and a (sometimes repeatedly) long hospitalisation time etc, the 

osteomyelitis patient alone usually consumes a big amount of the hospital or health care 

budget. But even worldwide, these health care budgets and resources are more and more 

limited, thus, the more cost - effective and efficient our proposed modern treatment protocols 

must be, today and in the future [17 - 19, 26, 27]. 

Antibiotics form a central part in the classical non - surgical treatment of osteomyelitis. 

Thus, any child with a presumed AHO should be treated immediately with (broad spectrum) 

iv antibiotics, until AHO is ruled out completely or confirmed. But before starting antibiotics 

laboratory and microbiology work up (blood culture, bone aspirationetc) has to be carried out. 

These results will guide the future antibiotic regime respectively form an integral part in the 
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planning of a surgical intervention, if deemed necessary [1 - 7]. But such a surgical 

debridement of the infected and always complex osteomyelitic lesion wound should always 

be performed in the presence of (long term) antibiotic therapy, well selected according to the 

individual clinical findings and the microbials` etiology and resistance [2 - 8, 15, 17, 28]. 

It has to be considered, that osteomyelitis in children is usually of hematogenous origin 

and always acute. Most likely it is caused by Staphylococcus aureus, but there have been 

shifts due to the emergence of community - associated or nosocomial pathogen - associated 

methicillin - resistant S. aureus (MRSA) strains. Streptococcus pneumonia, Hemophilus 

influenza type b, or Streptococcus pyogenes, Group B streptococci (in infants), coagulase - 

negative staphylococci (especially in implant - associated infections), Kingella kingae, enteric 

Gram - negative bacilli (especially Salmonella spp in individuals with sickle cell disease) or 

other anerobic bacteria are among others the possible infectious agent, too. Regarding patients 

with chronic osteomyelitis, Staphylococcus epidermidis, Staphylococcus aureus, 

Pseudomonas aeruginosa, Serratia marcescens and Escherichia coli have been most 

commonly isolated [2 - 7, 11], like in our second patient.  

Salmonella osteomyelitis alone, like in our first patient, is considered to be less common 

in literature review (Wigh and Thompson 1950) compared to sicklers (sickle - cell anemia 

patients)[20, 29 - 31] or chronic salmonella carriers [30]. It is concluded, that the peculiar 

susceptibility of the former to salmonella osteomyelitis is due to salmonella spread from the 

intestine. Facilitated by the diminished perfusion of the intestine caused by intravascular 

sickling. Bone infarction either become infected by transient bacteremia, or by activation of 

dormant salmonella foci in the bone marrow, when the tissue is getting devitalized. 

Immunological defects in sicklers may impair host response to infection, while hemolysis and 

hepatic dysfunction (both occur in sickle cell anemia) favour the salmonella`s propagation 

[20]. Species identified include Salmonella typhi, Salmonella typhimurium, Salmonella 

paratyphi, Salmonella Dublin, Salmonella enteritidis, Salmonella group G (probably 

Salmonella poona) [20]. This condition shows a prevalence during the first 2 years of life and 

tend to become less in the successive age groups. (Our female patient has been 10 year old 

already) The male to female ratio is reported to be 2 : 1 [20].  

Another uncommon entity is non - typhi salmonella bacteria. The usual outcome with 

appropriate antimicrobial treatment is a full recovery, although focal complications can occur. 

Even if uncommon, it should be considered in infants and immunocompromised children any 

time[32]. If focal lesions are found, in adolescents most common the pelvis is affected, in 

contrast to the small bones of the hand and the feet in the younger respectively the long bones 

of the arm or leg and vertebrae in the older children. In most patients lesions have been found 

bilateral and often remarkably symmetrical [16, 20, 30]. 

Septic arthritis caused by the peri - articular infection and usually located in the hip and 

shoulder region, is not a common complication of salmonella osteomyelitis in an otherwise 

healthy patient without any predisposing factors [20, 30]. But the microorganism might have 

been dormant in the reticulo - endothelial system or bowel, respectively might have been 

activated by depression of the host`s defence mechanisms in patients with secondary 

salmonella infection and negative stool cultures [30]. 

In general, Salmonella osteo - articular infection has the tendency to become chronic and 

difficult to eradicate. In addition to long term antibiotic treatment extended and repeated 

debridements are required [30]. The extent to which recovery can occur in such bones who 
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are grossly infected is sometimes surprising and even complete restitution of normal 

architecture has been reported in bones, which initially appeared to be totally destroyed [20]. 

An acute primary salmonella enteritidis osteomyelitis of the distal femur epiphysis is 

quite rare, since the more common pathogen is Staphylococcus aureus. When the infection 

site is involving the knee joint surgical arthrotomy is required [31]. 

Choosing the right antibiotics for the apposite osteomyelitis type is of crucial importance. 

Fosfomycin® {fosfomycine}, Clindamycin® {clindamycine}, Linezolid® {linezolid} (in 

particular for methicillin resistant S aureus (MRSA), methicillin resistant S epidermidis 

(MRSE), vancomycin resistant enterococcus (VRE)), Fucidine® {fusidic acid}, ß - lactam 

antibiotics (iecephalosporins, peneme {type of ß - lactam} and glycopeptides (ie 

Teicoplanin® {teicoplanin}, Vancomycin® {vancomycin}) are among the highly recom-

mended agents [28]. Since there are staphylococcal strains resistant to current ß - lactam, 

lincosamide and glycopeptide antibiotics, new and effective antimicrobial agents have to be 

introduced. Namely, lipoglycopeptides (bacterial agents with long half - lives) like telavancin, 

oritavancin and dalbavancin, which are all derived from exisiting glycopeptide antibiotics. 

Some of them are effective against vancomycin - resistant strains, too. Others are iclaprim, a 

dihydrofolatereductase inhibitor with the potential for oral formulation, and the new 

cephalosporins ceftobiprole and ceftaroline [5]. 

To get optimal results, antibiotic therapy have to start early, with antimicrobial agents 

administered for at least 4 to 6, sometimes even up to 12 weeks. In the majority of scales 

given intravenous for a minimum of 2 weeks, before changing to the oral route is possible [2 - 

7, 11, 13, 28]. Standardized antibiotic prophylaxis, optimal infection control and hand 

hygiene within the hospital and OR, atraumatic surgical technique, short procedural time and 

antibacterial - coated implants are well recognized precautions to avoid osteomyelitis and 

potential sequelae [8, 28]. Any cachexia or anemia must be corrected immediately, too, since 

weak patients in catabolic metabolism status will display wound healing disturbances anyway 

as well [3, 6, 8, 9, 33]. 

Besides antibiotics classical surgical procedures form the other central part in the 

treatment of osteomyelitis. Then, neither antibiotics nor surgery alone can cure an established 

bone infection. First, because antibiotics are unable to penetrate through pus or dead tissue, 

second, as soon as a significant abscess has formed out, the infection in the bone expends 

relentlessly destroying all bone despite any antibiotics at all. Making the classical surgical 

drainage of pus a must [1, 2, 8]. Surgical indications are: failure of improvement within 48 h 

after start of treatment, patient`s condition is getting worse, respectively the very late 

presentation with an encapsulated abscess already formed out. Last but not least bone 

infection hurts, thus the early surgical intervention stops the progress of bacteria, relieves the 

pressure created by pus from the bone, removes the bulk of infected debris, and therefore 

shorten the course of the disease markedly [1, 2, 8]. Next to this classical surgical 

debridement technique, the enzymatic and biosurgical (Maggot) one might also be an option 

[8, 17, 28, 34, 35]. 

In osteomyelitis patients the heavily discharging and chronically infected wounds and the 

need for repeated irrigation are a permanent source of odorous smell. Personal hygiene, 

especially in puberty and adolescence, is difficult to manage and a major concern, leading 

often straight to social deprivation of these patients.Such discharge collecting dressings are 

usually bulky, odorous and glued to the wound, making them a painful and unpleasant 

experience, the whole day long, not only during dressing changes. Due to the frequent 
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dressing changes necessary, they provide an enormous work load for the nursing staff and a 

frequent repeated suffer for the patient. They are restricting mobility, but an unrestricted 

mobility for playing around is essential for a child to feel comfortable. Thus, the key to 

success in (modern) pediatric wound management is to apply only child - adapted, child - 

proofed and child accepted dressings, otherwise you will end up in failure [8, 9, 17, 19]. 

Nowadays new materials allow less frequent and less painful dressing changes, prevent 

odorous smell and facilitate exsudate management even simultaneously, if compared to their 

classical counterparts [17 - 19, 34]. In addition, they facilitate tissue granulation, promote 

angioneogenesis, activate the wound margins and take over sufficient control of the bacterial 

load and biofilm formation within the wound, too [3, 6 - 8, 10, 13, 15, 17, 28, 34]. They will 

be discussed in more detail in the following paragraphs. 

Joseph Lister (1827 - 1912), a famous English surgeon make irrigation and cleansing of 

the infected area after surgical debridement a routine procedure in surgery. Lister irrigated 

and dressed his surgical wounds with carbolic acid at all time, later on he sprayed the entire 

surgical field regularly with carbolic acid. As a result mortality following amputations and 

treatment of open fractures dropped from 60 % to less than 10 %. Note of these potential 

benefits of antiseptic wound irrigation has been taken, but at that time no effective and 

harmless agent has been available anywhere. Alexis Carrel (1873 - 1944) wanted to improve 

this simple wound irrigation and attempted to develop continuous or intermittent wound 

drainage systems further. Various irrigation solutions such as zinc chlorine solution, 

sublimate, iodoform (Billroth, 1885), Dakin`s (chlorine - containing) solution, azo dyes 

(Rivanol®, 1920) and sulfonamides (1930s) have been recommended for use in the following 

decades, however, no satisfying substance could be found, due to their harmful side effects 

caused by systemic absorption and tissue toxicity. With the discovery of antibiotics 

(penicillin) the principles of wound irrigation has been more and more eclipsed and any 

research activity on new agents postponed. In the 1980s, polihexanide (Lavasept®) has been 

invented showing reduced infection rates besides excellent tissue tolerance in comparison to 

its counterparts PVP - iodine and hydrogen peroxide. Today, many consensus papers 

recommend polihexanide (Lavasept®) in general as a potent substance for wound irrigation 

[36]. 

Alternate irrigation/cleansing versus suction/drainage cycles in treatment of osteomyelitic 

foci have been realised in the majority by some kind of continous suction - irrigation systems, 

recently described by Willenegger (1910 - 1998) [8, 10, 13, 17]. In the past, iodine 

impregnated gauze followed as the basic dressing or drainage material, to date wet - to - moist 

dressing applications for faster formation of granulation tissue will be preferred [8, 9, 17]. 

Due to the big optimism in eradication potential of antibiotics in this era, gentamycin 

polymethylmethacrylate (PMMA) polymer chains or foams, antibiotic - stained bone cement 

[6 - 9, 15, 17, 35], or continuous irrigation with antibiotics after cortical bone fenestration [6, 

7, 12, 13] have been applied increasingly. This led to an indiscriminate systemic and topical 

use of antibiotics, and instead of killing the microorganisms right at the site of infection, 

selection of antibiotic - resistant pathogens has been the late result [8, 9, 36]. Today, there are 

different recommendations for the best irrigation fluid to use. Some authors prefer antiseptics 

or antibiotics, others insist on simple sodium chloride 0.9 % or Ringer solution [8, 9, 17, 36]. 

Anyhow, each irrigation protocol per se is time consuming, needs frequent dressing changes, 

and provide a huge workload for the carers and a lot of discomfort for the patients, too [8, 9, 

17, 35, 36]. 
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As already mentioned above, enzymatic and/or biosurgical (Maggot) debridement might 

be an option in well selected cases in favour of the classical surgical one [8, 17, 28, 34, 35]. 

In 1931 the orthopedic surgeon William S. Baer presented this ―biosurgical‖ technique 

and his results. Initially, he focused on bone and soft tissue infections, much later the scope 

has been enlarged to chronic wounds, in particular by Ronald Sherman.Treatment of 

tuberculosis and (traumatic) osteomyelitis wounds have been found within their scope, too 

[33, 37, 38]. 

The fly Phaenicia sericata (a common medical species) seems not to invade the healthy 

tissue surrounding the necrotic wound, a fascinating phenomenon called facultative myiasis. 

The earliest observations of this beneficial effect of myiasis came from the writings of 

military surgeons.  

They described, that the maggot - laden wounds of the soldiers left back injured on the 

battlefield often appeared remarkably clean after the larvaes has been wiped away. Most 

amazingly, these wounded soldiers have not been found septic at all [33, 37, 38]. 

Initially, Baer disinfected the eggs of the fly Phaeniciasericata and has been able to 

produce maggots without bacterial contamination (possible before implementing antibiotics 

into medicine !).  

These maggots have been able to stimulate wound healing by ingesting and killing 

bacteria, after releasing their digestive enzymes (ie antiseptic substances, proteases) into the 

wound, being able to gently break down the necrotic tissue. 

Good indications are the acute or and chronic infected wound (ie osteomyelitis, bone 

infection), in the ischemic wound instead maggots are usually less effective. Three distinct 

and mainly simultaneous actions are considered to be responsible for their clinical effects: 

debridement, disinfection, and promotion of wound healing. They are achieved by 

liquefaction and removal of the necrotic tissue and the ingestion to kill the bacteria. After 

their secretion of antibacterials and digestifs, formation of healthy granulation tissue is 

stimulated. Usually their life span is limited to 4 - 5 days in the wound, before they should be 

removed [33, 37, 38]. 

The maggots` cover dressing has to be kept moist at all time, otherwise they will 

suffocate. The wound edges need to be kept apart by spacers or sponges as well, and in 

particular deep wounds special drains to ventilate them have to be applied, otherwise they 

will die either [33, 37, 38]. 

Raising concerns that at the same time administered antibiotics might kill the maggots as 

well, has not been confirmed yet. The commonly used doses of antibiotics did not alter the 

growth or development of the larvae, thus the continuous administration of antibiotics 

urgently needed in osteomyelitis therapy does not have to be interrupted due to maggots 

application [33, 37, 38]. 

Since free running maggots are always "shocking" and uneasy to apply for patients, 

relatives and health care personal, the invention of the ―tea bag‖ - maggot pouch has upgraded 

the maggot therapy to another level of care. However, both dressing types are still in daily use 

[33, 37, 38]. 

Pre - surgical or maggot debridement therapy in general are a good indication for any 

chronic wound that is deemed stable enough to be treated non - surgically, ie with enzymatic 

debridements, antiinfectans, hydrocolloids or hydrogels, cytokines and growth factors, or any 

other medicated or non - medicated dressing. Respectively, the non - acute wound in need of 

debridement, in which (1) surgical debridement may be technically difficult (due to nearby 
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vital structures), (2) surgery may be too risky (due to an underlying patient illness) or (3) 

surgery and associated procedures (ie transfusion) are refused by the patient or parent, (4) a 

surgeon is not available (ie due to financial or logistic problems), or (5) the real extent of the 

lesion remains undefined yet, meaning the border of necrotic and viable tissue is yet not 

apparent enough [33, 37, 38]. But, if the situation allows to remove substantial portions of the 

necrotic tissue safely by scalpel, this should be your preferred (and faster) method, leaving 

behind the ―difficult microdebridement‖ for the maggots. Septic bone or deep soft tissue foci 

must be removed entirely, or if impossible, extensively exposed by tissue incisions or 

excisions before maggots application, otherwise they will not start to do their work. The same 

applies for thick eschars and fibrosed tissuevs the more moisted tissue [33, 37, 38]. 

But never think maggots are the universal remedy. They can only be one a part of your 

comprehensive wound management plan [33, 37, 38]. 

After debridement, either surgical by scalpel or biosurgical by maggots, and irrigation 

and cleansing, either by classical or progressive techniques, is finalized, new dressing 

materials like topical negative pressure (TNP) therapy nowadays allow less frequent and less 

painful dressing changes, prevent odorous smell and facilitate exsudate management among 

others [17 - 19, 34].  

TNP therapy (ie, V.A.C.®, KCI Medical, Wiesbaden, Germany) has been proven to 

improve wound base conditioning, granulation tissue formation and angioneogenesis 

remarkably, because the continuous suction ensures optimized exsudate management and 

control of bacterial load of the wound as well. In the intermittent mode the wound margins 

are even activated and the wound edema is rapidly reduced, too.Simultaneously, the 

semipermeable foil protects all regenerative and repair processes in the wound and its surface, 

and inhibits the release of odorous smell. That`s why this technique is used more and more 

successfully in all types of wounds including all types of bone infections as well [8, 17, 19, 

34, 39]. 

Briefly, a sterile, open - cell foam is placed into the wound, sealed with an adhesive drape 

around the tube line (T.R.A.C.® pad), before controlled subatmospheric pressure is applied 

[34, 39]. 

If linked to its instillation device (V.A.C.Instill®, KCI Medical, Wiesbaden, Germany), 

both become the ultimate ¨cleansing¨ tool in the management of serious soft tissue and bone 

infections in anatomically demanding regions, because constant fluid irrigation (with any 

substance) of the wound cavity can now be automatically maintained or optimized 24 h/day 

[8, 17, 28, 34]. In the presence of multiresistant bacteria V.A.C.Instill® therapy is found to be 

superior in eradication, too [28, 34].  

Overall irrigation volumes in children are relatively small, especially when using this 

technique in combination with minimal access surgery (MAS). Simple normal saline 0.9 % or 

Ringer® solution as irrigation fluid has been tested to be most appropriate. Recommended 

parameter settings are: Instill 10 s, Acting (Einw) 10 min, V.A.C. ® 60 min, 125 mmHg, 

continuous mode [17, 34]. Our preferred mode of application and parameter set - up is 

summarized in table 6 a) - d).Treatment of multiple wounds in the same patient in parallel 

sometimes even with a single system is possible and negative pressure (instillation) therapy is 

also reported to reduce the need for repeated surgical interventions in comparison with 

approaches out of the past [17, 34, 35]. 

Minimal access surgery (MAS) should be preferred whenever possible to reduce surgical 

tissue trauma to a minimum. Fastest secondary wound closure will follow than, too. If still the 
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wide open access is necessary, the alternated topical negative pressure of the V.A.C.
®

 - or 

V.A.C.
®

Instill device in the intermittent mode can be used to stretch the skin, comparable to a 

tissue expander, to facilitate tensionless wound closure, afterwards. Even better, if the wound 

margins have been fixed by staples to the well moulded foam margins, beforehand.  

Additionally, the alternating in - and outflow of the irrigation fluid during instillation 

leads to a continous increase - decrease in the volume of the wound, which together with the 

constantly changing amount of tissue edema during these cycles even act synergistically [17, 

34]. 

Overall clinical outcome of children with diagnosis of osteomyelitis is reported as good, 

but at follow - up still a sizeable proportion of patients show an active disease. And despite 

their intensive treatment, a minority of patients still have to go through an eventful course and 

recovery process with a lot of complications. The severity of the disease itself, the underlying 

infection`s particular features, including etiology, pathogenesis, the extent of bone 

involvement, duration, and host factors of the individual patient (infant, child, adolescent, or 

immunocompromised) have to be taken into consideration seriously at every time, too 

[2,3,5,7,11-15,17,30,35]. 

 

Table 6. Preferred mode of application and parameters set - up at - a- glance 

 

a) Mode of V.A.C. ® application in children according to personal preference 

 

 Θ ¨V.A.C.® - scarf¨: shoulder girdle and round the neck 

 Θ ¨V.A.C.® - glove¨: upper limb  

 Θ ¨V.A.C.® - boot¨: lower limb  

 Θ ¨V.A.C.® - lap - lap¨: lap, pelvic region  

b) Foam selection in children according to personal preference 

 

 Θ polyvinylalcohol (white) foam: sensitive surface 

 Θ polyurethane (black) foam: rough surface 

c) TNP/ V.A.C.® therapy parameter set up for children according to personal pre-

ference 

 

 Θ 50 - 125 mmHg for chronic ulcers, skin grafts, compartment splits etc 

 Θ 125 - 175 mmHg for osteo - cutaneous lesions, osteomyelitic foci 

 continuous or intermittend mode as appropriate 

d) Recommended dressing change intervals for TNP/V.A.C.® dressings in children 

according to personal preference 

 

 Θ 48 h, than 4 - 5 days for most of the wounds 

 Θ 24 h - 48 h  for all (seriously) infected wounds 

 Θ 4 - 5 days  for all clean non - infected wounds 

 Θ up to 7 days  when used for graft or dermal template fixation  

a) Mode of V.A.C. ®application in children according to personal preference. 

b) Foam selection in children according to personal preference. 

c) TNP/V.A.C.® therapy parameter set up for children according to personal preference. 

d) Recommended dressing change intervals for TNP/V.A.C.® dressings in children according to 

personal preference. 
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Conclusion 
 

The succesful treatment of osteomyelitis in the growing skeleton remains a challenge. 

The whole armentarium of classic (ie debridement, antibiotics, irrigation) and progressive (ie 

maggots, TNP) either surgical or non - surgical treatment options in septic bone surgery have 

to be taken into consideration and applied individually tailored to each child in order to 

achieve a favourable outcome. The psychological suffers of these children should also be 

addressed right from the beginning of the disease. 
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