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elution experiments. Although many surgeons believe that antibi-
otic beads used to treat osteomyelitis should be removed, one retro-
spective study suggested that improved outcomes followed leaving
the beads in situ [14].

After removal of an intramedullary rod, placement of antibiotic
beads offers no mechanical support. Beads within the intramed-
ullary canal must be removed within 10 to 14 days or subsequent
removal may be extremely difficult [15,16]. Antibiotic cement rods
can be custom-made at the time of surgery using varying chest tubes
as molds [16]. Following thorough medullary canal debridement,
the antibiotic rod is inserted and does provide some mechanical
stability. If additional debridements are necessary, the antibiotic rod
is exchanged. At the time of definitive closure, the antibiotic rod is
left intact in the canal, and the wound is closed directly over it. After
asix- to eight-week interval, the rod can be removed and bony recon-
struction can be undertaken.
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QUESTION 2: which surgical treatment (plate, nail or external fixator) for open tibial shaft

fractures results in lower rate of infection?

RECOMMENDATION: There is little to no difference in terms of infection rates for Gustilo-Anderson types I-1I treated by either circular external
fixator, unreamed intramedullary nail or reamed intramedullary nail. For Gustilo-Anderson IIIA-B fractures, circular external fixation appears to
provide the lowest infection rates when compared to all other fixation methods.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

A systematic review was undertaken on all English language articles
on infection rates following the treatment of open tibial shaft frac-
tures. The literature search included Google Scholar and the Medline,
Embase and Cochrane databases. The search terms included open
tibia, tibia fracture and tibial diaphysis with the Boolean terms
‘AND’ and ‘OR.” All abstracts were reviewed, and the full articles were
obtained for all potentially suitable articles.

Review articles and those that included peri-articular open frac-
tures and pediatric fractures were excluded. A total of 54 articles were
excluded for review. Information regarding Gustilo-Anderson types
and infection rates were extracted from all included articles (Table 1).

Statistical analysis revealed that across all Gustilo-Anderson
types, circular external fixation and intramedullary nailing have
significantly lower infection rates compared to plate fixation or
monolateral external fixation. Across all types, there is minimal to
no difference between circular external fixation and unreamed
intramedullary nailing or reamed intramedullary nailing (Table 2).

When Gustilo-Anderson type IIIB injuries are isolated, circular
external fixation appears to have a significantly lower risk of risk of

infection when compared to reamed and undreamed intramedul-
lary nail fixation (Table 4).

In conclusion, from the available published English literature
on infections rates for open tibial shaft fractures treated by various
different fixation methods, plate fixation and monolateral external
fixation have significantly higher infection rates when compared to
circular external fixation or intramedullary nailing. There appears to
be little to no difference for Gustilo-Anderson types I - IIIA treated
by either circular external fixator, unreamed intramedullary nail
or reamed intramedullary nail. For Gustilo-Anderson type IIIB frac-
tures, circular external fixation appears to provide the lowest infec-
tion rates when compared to all other fixation methods.

REFERENCES

[1]  GopalS,Majumder S, Batchelor AG, Knight SL, De Boer P, Smith RM. Fix and
flap: the radical orthopaedic and plastic treatment of severe open fractures
of the tibia. | Bonefomt Surg Br. 2000;82:959-966.

[2] Clifford RP, Beauchamp CG, Kellam JF, Webb JK, Tile M. Plate fixation of
open fractures of the tibia. | Bone Joint Surg Br.1988;70:644-648.

[3] Bach AW, Hansen ST. Plates versus external fixation in severe open tibial
shaft fractures. A randomized trial. Clin Orthop Relat Res. 1989:89-94.



752 PartV  Trauma

TABLE 1. Summary of infection rates with different fixation methods from the literature review

Fixation Type Cases (n) Infected Cases (n) %

Plate [1-4] GAI 49 3 6.1
GAll 8o 7 8.8
GATIIA 36 9 25.0

GAIIIB 34 5 14.7

Monolateral external fixation GAIT 9 o) 0.0
[1,3-19] GAIl 76 2 2.6
GAIIIA 373 41 11.0

GAIIIB 238 50 21.0

Circular external fixation GAT 10 0 0.0
[17,18,20-28] GAIl 63 o 0.0
GATIIA 145 3 2.1

GAIIIB 198 6 3.0

Unreamed Nail GAI1 533 6 1.1
[1,4,5,7,9-13,16,19,29-51] GAIl 734 19 2.6
GAIIIA 554 32 5.8

GAIIIB 558 102 183

Reamed Nail GAI 401 6 15
[6,18,21,32,33,38,40,41,48,52-54] GAIl 493 15 3.0
GAIIIA 230 5 2.2
GAIIIB 240 40 16.7

TABLE 2. Infection rate ratio (IRR) differences between all treatment types for all GA types (I, II, llIA

and llIB)
Treatment IRR 95% ClI p-value
Circular fixator Reference
Plate 5.57 2.73-11.38 <0.001
Monolateral fixator 6.17 3.12-12.23 <0.001
Unreamed nail 3.10 1.03-9.25 0.044
Reamed nail 224 0.73-6.89 0.161

TABLE 3. Infection rate ratio (IRR) differences between all treatment types for GA types I, [l and IlIA

Treatment IRR 95% ClI p-value
Circular fixator Reference
Plate 834 278 -25.23 <0.001
Monolateral fixator | 6.82 2.57-18.12 <0.001
Unreamed nail 2.27 0.74-6.96 0.044
Reamed nail 1.68 0.63-4.47 0.161

TABLE 4. Chi squared analyses of infection rates of reamed and
unreamed nail vs. circular fixators for Type llIB open fractures

Treatment OR 95% ClI p-value
Circular fixator Reference
Unreamed nail 6.40 2.65-15.44 <0.001
Reamed nail 7.19 3.09-16.59 <0.001
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