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QUESTION 5: What is the most appropriate management of early (before complete wound
healing) infection after fracture ﬁxation with unstable ﬁxation?
RECOMMENDATION: The most appropriate management of early (prior to complete healing) infection after fracture ﬁxation with
unstable ﬁxation consists of surgical debridement with removal of ﬁxation implants, fracture stabilization, antibiotic therapy and
soft tissue coverage, if needed.

LEVEL OF EVIDENCE: Consensus
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
Infection after fracture ﬁxation is a serious complication in orthopaedic trauma surgery, as it may eventually lead to devastating
outcomes such as amputation [1]. In contrast with periprosthetic
joint infections, literature regarding this condition is still limited
considering the number of patients aﬀected [1,2]. Nonetheless, in
order to unify the evidence available, major eﬀorts have been made
to accurately deﬁne “infection after fracture ﬁxation” [3]. The current
deﬁnition includes a classiﬁcation according to the onset of symptoms and early infection is considered that which occurs during the
ﬁrst two weeks after the index procedure. [2,4]. For this recommendation, this deﬁnition will be maintained.
Several systematic and non-systematic reviews gathered
the existing evidence for infection associated with orthopaedic
implants. All conclude that antibiotic suppression therapy and
surgical debridement with implant retention is a suitable option for
the treatment of early infection after fracture ﬁxation when fracture
healing has not yet been achieved, but the construct is stable [1,2,4–
8]. Therefore, to date, this continues to be the standard of care for
early infections. Likewise, the outcomes presented by Trebse et al. [9],
Rightmire et al. [10] and Berkes et al. [11] all showed favorable results
for this method of management, with success rates ranging from 68%
to 92%. However, the quality of evidence of these studies is low.
The question remains whether implant retention is still a viable
option for unstable ﬁxation. Metsemakers et al. [2], in their more
recent review, suggest that implant exchange or removal should be
considered in early infections when intramedullary devices are used,
unstable ﬁxation exists or insuﬃcient fracture reduction is present.
These recommendations are based on the works by Trampuz et
al. [4], Kleber et al. [12] and Rightmare et al. [10]. Moreover, several
animal studies have addressed the importance of fracture stability
in implant-related infections [13–15]. When ﬁxation is unstable,
implant retention is not an option. The existing implants do not
provide enough stability at the fracture site, which will impair fracture healing as well as facilitate persistence of infection.
Even though both Rightmire et al. [16] and Berkes et al. [17]
performed a multivariate analysis, neither of them reported
“unstable ﬁxation” as a predictor of treatment failure [10,11]. The
quality of the presented evidence is low and the methodology used
might not have been appropriate to conclude that implants must be
removed under these conditions.
After performing a systematic search of the literature, no conclusive evidence on the management of early infection with unstable
ﬁxation was identiﬁed. Therefore, our recommendation is based
on clinical experience, established knowledge of implant-related
infection [18] and the management of infected non-unions [19,20].
Furthermore, adequate coverage of the fracture site with a wellvascularized soft tissue envelope facilitates both control of infection
and fracture healing. Therefore, in the case of soft tissue defects or

scarred soft tissues with poor vascularity, a soft tissue reconstructive
procedure is usually necessary [21,22].

REFERENCES
[1]
[2]
[3]

[4]
[5]

[6]
[7]
[8]
[9]
[10]
[11]

[12]
[13]
[14]
[15]

[16]
[17]

[18]
[19]
[20]

Willey M, Karam M. Impact of infection on fracture ﬁxation. Orthop Clin
North Am. 2016;47:357–364. doi:10.1016/j.ocl.2015.09.004.
Metsemakers WJ, Kuehl R, Moriarty TF, Richards RG, Verhofstad MHJ,
Borens O, et al. Infection after fracture ﬁxation: current surgical and microbiological concepts. Injury. 2018;49:511–522. doi:10.1016/j.injury.2016.09.019.
Metsemakers WJ, Morgenstern M, McNally MA, Moriarty TF, McFadyen I,
Scarborough M, et al. Fracture-related infection: a consensus on deﬁnition
from an international expert group. Injury. 2018;49:505–510. doi:10.1016/j.
injury.2017.08.040.
Trampuz A, Zimmerli W. Diagnosis and treatment of infections associated
with fracture-ﬁxation devices. Injury. 2006;37 Suppl 2:S59–S66. doi:10.1016/j.
injury.2006.04.010.
Widmer AFF, Berkes M, Obremskey WT, Scannell B, Ellington JK, Hymes
RA, et al. Orthopaedic device-related infection: current and future interventions for improved prevention and treatment. Injury. 2016;49:16–20.
doi:10.1007/s11999-007-0053-y.
Widmer AF. New developments in diagnosis and treatment of infection in
orthopedic implants. Clin Infect Dis. 2001;33:S94–S106. doi:10.1086/321863.
Darouiche RO. Treatment of infections associated with surgical implants.
New Engl J Med. 2004;350:1422–1429. doi:10.1056/NEJMra035415.
Bonnevialle P. Operative treatment of early infection after internal ﬁxation
of limb fractures (exclusive of severe open fractures). Orthop Traumatol
Surg Res. 2017;103:S67–S73. doi:10.1016/j.otsr.2016.06.019.
Trebse R, Pisot V, Trampuz A. Treatment of infected retained implants. J
Bone Joint Surg Br. 2005;87-B:249–256. doi:10.1302/0301-620X.87B2.15618.
Rightmire E, Zurakowski D, Vrahas M. Acute infections after fracture repair:
management with hardware in place. Clin Orthop Relat Res. 2008;466:466–
472. doi:10.1007/s11999-007-0053-y.
Berkes M, Obremskey WT, Scannell B, Ellington JK, Hymes RA, Bosse M.
Maintenance of hardware after early postoperative infection following
fracture internal ﬁxation. J Bone Joint Surg. 2010;92:823–828. doi:10.2106/
JBJS.I.00470.
Kleber C, Schaser KD, Trampuz A. Komplikationsmanagement bei inﬁzierter Osteosynthese: Therapiealgorithmus bei periimplantären Infektionen. Chirurg. 2015;86:925–934. doi:10.1007/s00104-015-0073-1.
Merritt K, Dowd JD. Role of internal ﬁxation in infection of open fractures:
studies with Staphylococcus aureus and Proteus mirabilis. J Orthop Res.
1987;5:23–28. doi:10.1002/jor.1100050105.
Petty W, Spanier S, Shuster JJ, Silverthorne C. The inﬂuence of skeletal on
incidence of infection. J Bone Joint Surg. 1985;67:1236–1244.
Worlock P, Slack R, Harvey L, Mawhinney R, Petty W, Spanier S, et al. The
prevention of infection in open fractures: an experimental study of the
eﬀect of fracture stability. Injury. 2015;49:511–522. doi:10.1007/s11999-0070053-y.
Rightmire E, Zurakowski D, Vrahas M. Acute infections after fracture repair:
management with hardware in place. Clin Orthop Relat Res. 2008;466:466–
472. doi:10.1007/s11999-007-0053-y.
Berkes M, Obremskey WT, Scannell B, Ellington JK, Hymes RA, Bosse M, et
al. Maintenance of hardware after early postoperative infection following
fracture internal ﬁxation. J Bone Joint Surg Am. 2010;92:823–828. doi:10.2106/
JBJS.I.00470.
Schmidt AH, Swiontkowski MF. Pathophysiology of infections after
internal ﬁxation of fractures. J Am Acad Orthop Surg. 2000;8:285–291.
doi:10.5435/00124635-200009000-00002.
Bose D, Kugan R, Stubbs D, McNally M. Management of infected nonunion
of the long bones by a multidisciplinary team. Bone Joint J. 2015;97-B:814–
817. doi:10.1302/0301-620X.97B6.33276.
Kanakaris NK, Tosounidis TH, Giannoudis PV. Surgical management
of infected non-unions: an update. Injury. 2015;46:S25–S32. doi:10.1016/j.
injury.2015.08.009.

Section 3
[21] Tulner SAF, Schaap GR, Strackee SD, Besselaar PP, Luitse JSK, Marti RK. Longterm results of multiple-stage treatment for posttraumatic osteomyelitis of
the tibia. J Trauma. 2004;56:633–642.

Treatment

739

[22] Weiland AJ, Moore JR, Daniel RK. The eﬃcacy of free tissue transfer in the
treatment of osteomyelitis. J Bone Joint Surg Am. 1984;66:181–193.

• • • • •
Authors: Brianna Fram, Paul Tornetta III

QUESTION 6: What is the appropriate timing of conversion to internal ﬁxation (in-ﬁx) following
external ﬁxation (ex-ﬁx)? How is this altered by pin site infection?
RECOMMENDATION: Timing of conversion should be based on patient characteristics including concurrent injuries and premorbid health and
function, as well as injury features and location. One-stage conversion appears to have similar or even lower infection rates compared to two-stage
conversion. In the absence of pin site infection, early conversion is preferred.

LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
American development of external ﬁxation is credited to Parkhill
in 1897 and European development to Lambotte in 1900 [1]. Ex-ﬁx is
often used in polytraumatized patients as part of a damage-control
orthopaedic approach, in injuries with extensive soft tissue compromise, or when appropriate personnel or resources for in-ﬁx are not
readily available [2,3]. It is applicable to periarticular fractures, long
bone fractures and articular dislocations, making it an essential
component of contemporary orthopaedic traumatology.
Recent literature review using the databases Embase, Scopus,
Google Scholar and PubMed was performed with the search terms
“internal ﬁxation,” “external ﬁxation,” “timing” and “conversion”
in multiple combinations. Articles were reviewed for relevance
and studies were then assessed for quality and assigned a level of
evidence.
Following ex-ﬁx, conversion to in-ﬁx can have multiple beneﬁts
for patients. A prospective comparison of 39 patients with open
lower leg fractures treated with primary ex-ﬁx with randomized
conversion to intramedullary nailing (IMN) or to cast immobilization showed signiﬁcantly shorter mean time to union (26.3 vs. 35.4
weeks), higher overall consolidation rates (94% vs. 64%), and better
knee and ankle range of motion (ROM) for IMN [4]. Regarding
timing of conversion from external to internal ﬁxation (which
includes plate/screw constructs and intramedullary nail constructs),
major questions within the ﬁeld are as follows: (1) Should conversion be performed in one procedure (acute) or in two (staged)? (2)
Does time in ex-ﬁx aﬀect outcomes following conversion? (3) Do pin
site infections increase the risk of deep infection following in-ﬁx?
(4) Does timing of soft tissue coverage aﬀect outcomes following
conversion? [2].
Regarding staging, theoretically staged conversion should
allow time for pin site granulation and decrease infection rates.
Therefore, some authors recommend delayed internal ﬁxation until
pin sites heal closed [5]. However, data from level IV studies do not
support this. Horst et al. reported on two protocols, one for immediate conversion and one for staged conversion from external to
internal ﬁxation. They included local excision of skin-pin interfaces
and curettage of soft tissues around pin track sites. For immediate
conversion, pin sites were disinfected and covered prior to re-prepping of the surgical ﬁeld. Pin sites were left covered until all in-ﬁx
wounds were closed, and then pin sites were left open with antibacterial dressings. For staged conversion, ex-ﬁx was exchanged for

a cast and any required soft tissue coverage was performed prior to
in-ﬁx. After institution of this algorithm utilizing the immediate
conversion protocol, they observed a decrease in time to conversion
(mean 6.8 > 5.0 days), hospital length of stay (mean 25.4 > 16.3 days)
and complication rate (21% > 8.3%) [6].
Monni et al. performed a retrospective review of 18 patients
(24 limbs) undergoing conversion from external to internal ﬁxation for traumatic bone defects or congenital deformities. Indications for conversion included patient dissatisfaction with ex-ﬁx,
pin track sepsis, persistent non-union or refracture. In-ﬁx consisted
of IMN or plate and screw constructs. Conversion was performed
acutely (19 limbs) or staged (5 limbs). The outcome was considered excellent if patients were full weightbearing, pain free, had a
mechanically well-aligned limb and did not need further surgery
within the follow-up period. The outcome was considered good
if patients required subsequent surgery to achieve union and
the outcome was considered poor if an irreversible complication
occurred. The acute group had 16 excellent and 1 good outcomes
(89.4%), with 2 (10.6%) poor outcomes resulting in amputation,
both after acute conversion to IMN for infected tibial nonunion.
The delayed group had four (80%) excellent and one (20%) good
outcomes. They cautioned against using IMNs in patients with a
diagnosis of an actively septic nonunion and reported that conversion to in-ﬁx generally produces good to excellent results [7]. Bandhari et al. found that shorter intervals between ex-ﬁx removal and
IMN, for planned or salvage procedures, correlated with reduced
infection, but do comment that in level IV studies this may represent confounding [8].
Farrell et al. reported on ex-ﬁx with one-stage conversion to in-ﬁx
for nine calcaneus fractures. Ex-ﬁx was applied within 24-48 hours and
converted to open reduction and internal ﬁxation (ORIF) through a
sinus tarsi approach at an average of 4.8 days from ex-ﬁx. There were
no pin tract infections, deep infections or wound healing complications [9]. Natoli et al. reported on 16 complex distal radius fractures,
11 of which were open, and treated with an ex-ﬁx and converted to
ORIF at a mean of 8.5 days. One patient developed deep infection,
and they did not report a relationship with open fractures, time to
conversion of < or > 7 days, or ex-ﬁx pins overlapping the deﬁnitive
ﬁxation [10]. Shah et al. reported on pilon and tibial plateau fractures
treated with ex-ﬁx converted to ORIF excluding cases with evidence
of overt pin site infection. They demonstrated a 24% rate of deep

