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Infected Tibia1 Nonunions (1981-1995) 
The Evolution of Change 

George Cierny, ZZZ, MD 

Between 1981 and 1995, 150 consecutive cases 
of middiaphyseal, infected nonunions of the 
tibia were treated prospectively on the author’s 
osteomyelitis service. Thirty-nine (78 %) of the 
49 patients seen between 1981 and 1986 and 94 
(93%) of the 101 patients seen 1986 through 
1994 underwent successful salvage protocols 
with a minimum followup of 5 years. The differ- 
ence in outcomes seen in the two groups elo- 
quently reflects the emergence of specific phar- 
maceutic, technical, and biologic advances 
earmarking these two, distinct eras of care. 

During the last 2 decades, the treatment of 
musculoskeletal sepsis, and in particular, os- 
teomyelitis, has changed radically. There is 
a new understanding of the disease itself, 

articulating its natural history and therapy, 
14,15,41,42,51,53 and the resources needed to 
bring treatment back into the community are 
understood. 2 9 3  Before 1978, the principles 
of orthopaedic care 9,23,38~~,58,66 emphasized 
sequential debridements, healing by sec- 
ondary intention, bypass bone grafting, 1 1 , 3 1 3  
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12,18.30,32,44,45,55,56,67 protocols have evolved 

prolonged antibiotic therapy,63 and long term 
orthotic support. Patient selection for treat- 
ment, however, was highly restricted. Com- 
posite saucerizations of hard and soft tissue 
were without equally complex reconstruction 
options for coverage, wound access, and bony 
reconstitution. Complete excisions were lim- 
ited to small foci for the proximal limb or both 
where the ratio of soft tissue to bone favors 
closure. When the debridement was inside the 
zone of injury, residual fibrosis and ischemia 
crippled the host’s defenses against an inher- 
ent, bacterial persistence. Thus, in situ recon- 
structions often were limited to open sky 
grafts (Papineau)54 because surgeons could not 
otherwise enhance the wound bed to support 
the metabolic demands of salvage surgery. 

The milestones of change began with the 
introduction of rigid external fixation 
frames,3,37.62 new techniques in tissue transfer- 
ence,47,52,59 and local antibiotic depot~.8J7~40,@ 
By 1986, the reconstruction potential of thor- 
oughly debrided wounds reached new heights. 
Orthopaedists began to use internal hard- 
ware,4.*1.27 total joint prostheses,@ allografts5.65 
and the methods of Ilizarov34,35 in protocols to 
salvage previously infected limbs. To show the 
impact of these advances on treatment and pa- 
tient selection, the author reports a sequential 
series of 150 infected tibia1 nonunions evalu- 
ated during two, distinct eras of change. 
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THE ERA OF WOUND 
REVITALIZATION (1981-1986) 

In the 1970s, a focus on external fixation en- 
hanced the care of traumatic and debrided 
wounds by curtailing wound trauma, facili- 
tating wound care, and embracing fracture 
union. At the same time, surgeons around the 
world were striving to modify the compro- 
mised wound bed with tissue transpositions 
and microvascular transfers. 26,28.60.61 Within 
a decade, muscle, skin, bone, organs such as 
omentum, 48 and entire motor units 24 were 
used. The concept of wound revitalization 
~ ~ ~ ~ ~ . ~ 8 . 2 ~  became the foundation on which an 
entire rational for limb salvage developed. 
With the introduction of antibiotic impreg- 
nated methylmethacry late beads, 17,40,64 the 
morbidity of treatment declined: Immediate 
closures were performed after excision, obvi- 
ating the need for sequential debridements 
and an open wound interval 7; the high antibi- 
otic levels within the bead bed sterilized the 
dead space, thereby sparing marginal tissues 
and decreasing the incidence of opportunistic 
infections. 14~6~7.53 Wounds were reconstructed 
in weeks rather than months, heralding an 
early, functional rehabilitation. These new 
methods of stabilization, tissue transference, 
and antibiotic delivery eliminated the fear of 
performing a complete excision and estab- 
lished a responsive wound bed to set the 
stage for an in situ reconstruction (Fig 1). 

MATERIALS AND METHODS 

Between 1981 and 1995, 865 cases of tibia1 os- 
teomyelitis sequentially entered the author's 
prospective treatment protocols (Galveston, TX: 
1981-1985; Atlanta, GA: 1985-1994). Of the 335 
infected nonunions in this series, 150 anatomically 
were confined to the middiaphysis and suitable for 
comparative review. Limb salvage was attempted 
in 135 patients (89%). Preoperative cultures, from 
deep wound margins, ' 8 , 5 5 3  guided antibiotic cov- 
erage. All isolates were considered pathogens and 
received coverage for 6 weeks; adjustments were 
based on intraoperative cultures and sensitivities 
using quantitative testing and tube dilutional tech- 

niques. The ideal coverage was an oral antibiotic, 
or antibiotic combination, with a mean inhibitory 
concentration equal to its mean bactericidal con- 
centration and six times its expected serum con- 
centration. Parenteral coverage was used for the 
first 4 days and thereafter if oral agents were un- 
available or contraindicated. Patients with staged 
reconstructions received a courw of perioperative 
antibiotics (4 days) at any subsequent procedure 
from the index debridement; a new isolate, at that 
time, instigated a new treatment protocol. When 
the debridement cultures were negative, histologic 
sections of the cultured specimens confirmed the 
presence of infection; coverage was changed from 
the routine of parental Vancomycin (Lilly, Indi- 
anapolis, IN) and Cephtazidime (Glaxo Wellcome, 
Research Triangle Park, NC) to oral Ciprofloxicin 
(Bayer, West Haven, CT) and Rifampin (Hoechst 
Marion Roussel, Kansas City, MO) for the dura- 
tion of the protocol. 

All necrotic and ischemic tissues were excised. 
An immediate wound closure was performed over 
antibiotic beads. Delayed coverage took place no 
later than Day 7. The dead space was obliterated 
completely with cancellous grafts, 46 beads, a flap, 
or combinations thereof. In staged procedures, 
beads were exchanged for grafts, free osseous 
transfers, hardware, or composite reconstructions. 
Success was defined as a functional, drainage free 
limb with fracture union. 

PATIENTS (1981-1986) 

Between 1981 and 1986,49 patients with in- 
fected, diaphyseal nonunions of the tibia 
were evaluated. Nine (19%) were offered 
primary ablation because of a poor prognosis 
in six, morbidity of treatment in two, and 
prosthetic advantage in one. Of the 40 limb 
salvage attempts (Table l), three (8%) were 
initial treatment failures. The success rate at 
2 years was 95% (Fig 1). Antibiotic beads 
were used in 6096, tissue transfers in 44%, 
and cancellous grafts in 86% of the recon- 
structions. 

Although external fixation was the pre- 
ferred method of stabilization (75%), eight 
nonunions underwent internal fixation with 
the bead exchange (Fig 2). Sterile fields 
were documented at the time of these recon- 
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Fig 1A-F. (A) Infected 
nonunion with unstable fixa- 
tion, (6) soft tissue loss and 
sequestered cortex, allograft 
and hardware. (C,D) The de- 
bridement was tangential 
and exspansile, requiring 30 
weeks of multiplanar, exter- 
nal fixation to achieve union. 
(E,F) The revitalization and 
reconstruction involved a 50 
cc cancellous bone graft 
with free latissimus dorsi 
coverage (Day 5)  followed by 
transposition of the ipsilat- 
era1 fibula (Campanacci) at 6 
weeks. 

structions. 2 ~ 4 . 3 6 ~ 3 9 5 3  No infections occurred 
in this smaller group. 

The ability to consistently sterilize de- 
brided wounds had a great impact on the 
process of patient selection. 68 Indications 
for limb salvage broadened further with the 
introduction of distraction methodologies 
(Iliza1-0~34~35) to the West. During bone trans- 

port, osseous segments and their adjacent 
soft tissues are moved into an adjoining, de- 
bridement defect. Thus, pedicled flaps of 
nearby bone, muscle, skin, and fat are cre- 
ated and moved within the affected limb it- 
self. Because the vitality of transported tis- 
sue persists once docked into its new 
position, there are no differences in success 
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TABLE 1. Adult OsteomyelitisTibial Nonunions (1981-1 986) 
~ ____ ~ 

40 Salvage Attempts 

Method Percentage Initial Success (55) 

External fixation 
Hardware 
Cast 

75 
20 
5 

Treatment Failures 

93 

100 
aa 

Method Sepsis Nonunion Outcome (Number) 

External fixation30 1 1 Amputation (1) 

Hardware8 0 1 Union 
Cast2 0 0 
Overall success = 95% 

Nonunion (1) 

when comparing open and closed methods. 
Revitalization is not necessary when the de- 
bridement extends outside the zone of injury. 
Closed methods still are used when an other- 
wise exposed structure is at risk for sec- 
ondary infection (tendons, vessels, hard- 
ware, reamed canals). Bead sterilization, 
distraction techniques, and internal fixation 
strategies changed the indications for pri- 
mary amputation and earmarked the current 
era of treatment. 

THE ERA OF OPEN 
RECONSTRUCTION (1986-1994) 

Patients 
Between 1987 and 1994 the remaining 101 
patients with infected nonunions of the 
midtibia received treatment. There were six 
primary amputations for poor prognosis in 
four and/or functional advantage in two. 
Internal fixation, distraction methodolo- 
gies, and conventional external frames 
were used, but not interchangeably (Table 
2). All infectious sequelae involved new 
pathogens, were irradicated with one inter- 
vention, and did not affect outcome as the 
initial success rate (91%) rose to 99% at 2- 

year followup. Thirty-eight percent of these 
cases used a free flap, 32% a cancellous 
bone graft, and in 82%, antibiotic beads 
were implanted before the final reconstruc- 
tion. The need for tissue transfers dimin- 
ished as the author’s experience with 
Ilizarov methodologies increased (Fig 3). 
Marrow composites and bone graft substi- 
tutes replaced the standard use of cancel- 
lous bone grafts. Antibiotic beads, origi- 
nally intended for removal, often were left 
in place, thereby curtailing the need for sec- 
ondary dead space management. 

DISCUSSION 

The microbiologic spectrum (Table 3) re- 
mained relatively constant throughout this 
series. There was a decrease in Gram nega- 
tive rods and an increase in fungal and nega- 
tive cultures in the last 50 cases; an apparent 
increase in methicillin resistant Staphylococ- 
cus aureus was not statistically significant. 

In both eras, the ratio of normal to com- 
promised hosts 18 remained constant at 40% 
to 60%. The era of open reconstruction 
brought about a decrease in the primary am- 
putation rate (19% versus 6%) without a 
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Fig 2A-F. (A) Tibial nonunion seen 13 months after 
medullary fixation with subsequent sepsis, hard- 
ware removal and prolonged antibiotic therapy. (B) 
The soft tissues were supple with minimal inflamma- 
tion and drainage. (C) Medullary reaming of the en- 
tire tibia complimented a focal debridement of the 
sequestered, butterfly fragments seen in Figure 2A. 
(D, E, F) Two weeks of cast immobilization and bead 
sterilization preceded locked, medullary fixation with 
cancellous bone grafts and a fibular transposition at 
6 weeks. 

compromise in outcome or success. The hy- 
pothesis that previously infected wounds 
could be reconstructed as clean wounds has 
proven true at the author’s institutions. In 
1994 the authors’ reconstruction of 32 seg- 
mental, long bone defects saw a 42% inci- 
dence of internal fixation and used nine vas- 

cularized fibular transfers, nine bone trans- 
ports, nine allografts, and five prosthetic 
joints; the success rates were loo%, 89%, 
89%, and 100% respectively. 

The factors affecting prognosis and treat- 
ment include residual foreign materials and/or 
ischemic and necrotic tissues, host compro- 



TABLE 2. Adult Osteomyelitis Tibia1 Nonunions (1986-1994) 
~~ ~ 

95 Salvage Attempts 

Method Percentage Initial Success (%A) 

External fixation 
Hardware 
lltzarov 

24 
42 
34 

Treatment Failures 

91 
92 
a7 

Method (Number) Sepsis Nonunion Outcome (Number) 

External fixation (23) 0 2 Union (2) 
Hardware (40) 3 (7.5%) 0 Arrest (3) 
llizarov (32) 1 3 (9%) Amputation (1)  

Union (3) 
Overall success = 99% 

Fig 3A-F. (A,D) A 12-cm hard and soft tissue deficit stabilized with the llizarov device after com- 
plete excision and a realignment osteotomy of the fibula. Revitalization was not necessary. (C, B) 
Reconstruction consisted of an open, bifocal transport. Wound approximation coincided with the os- 
seus docking. (E,F) Consolidation of the regenerates, union, complete soft tissue healing and full 
functional return were documented at 12 months. 
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mise, 1 8 3  inappropriate antibiotic coverage, 
and the lack of patient cooperation or desire. 
With a complete wound revitalization, the 
type andor number of pathogens, the method 
of stabilization, and early reconstruction have 
not been detrimental in the author's series. 19 

With this knowledge and the confidence in- 
spired by using antibiotic depots, patients 
now enter a refined selection process wherein 
they are matched with procedures coinciding 
with individual preferences and demands, 
physician experience, host capabilities, and 
personal levels of comfort. 6 2 x 4 3  When vascu- 
larized tissue transfers are not available in a 
community setting, treatment outcomes using 
open transport methods have proven inter- 
changeable. 22 The combination of the 

TABLE 3. Microbiology (15.0 
Consecutive Cases) 

Organism 1981 1986 1994 

Staphylococci 40 35 38 
Gram negative rods 36 35 12 
Anaerobes 12 35 15 
Enterococcus 11 6 6 
Fungus 0 0 4 
No growth 2 1 9 
Methicillin resistant 0 6 8 

Staphylococcus aureus 

Ilizarov and conventional techniques has 
streamlined strategies to maximize perfor- 
mance and function (Fig 4). 

Fig 4A-D. (A) llizarov frames used in conjunction with a 
complex revitalization, (B) free muscle coverage and 
vascularized fibular transfer and (C,D) closed, unifocal 
bone transport over a nonreamed nail. 
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