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supporting the use of HBOT in post-traumatic infections and the 
single study with a control arm reported no benefi t.
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3.2. TREATMENT: SURGEON AND CARE TEAM
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QUESTION 1: Should all infected non-unions be treated in specialized septic centers?

RECOMMENDATION: The current literature, although rich in case series and observational studies, does not lend support to the 
recommendation that “specialized septic surgery centers” should care for infected non-unions. However, because of the complexities 
of infected non-unions, care in specialized centers may yield the best possible outcome.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 70%, Disagree: 21%, Abstain: 9% (Super Majority, Weak Consensus)

RATIONALE 

Infected nonunion is the persistence of an infection at the fracture 
site and the surrounding tissue and failure of bone healing for eight 
months, (U.S. Food and Drug Administration). It could be considered 
as an osteomyelitis at an unstable fracture before the debridement 
and which remains unstable thereafter. It is commonly accompanied 
by soft tissue problems, adjacent joint stiff ness, motor and sensory 
dysfunction of the limb, chronic pain, depression and unrelated 
medical problems leading to considerable physical, social, fi nan-
cial and mental impact on the life of the patient and the healthcare 
systems and may even become a limb-threatening complication.

Bone healing and eradication of the infection is the main but 
not the only objective because a non-functional and deformed limb 
with pain and stiff ness of the adjacent joints will be an unsatisfactory 
outcome even if at some point the bone heals suffi  ciently. Treatment 
is aimed at returning the extremity and the patient to the fullest func-
tion possible during and after the treatment process. This process is 
usually long-lasting and must be planned accordingly so that in case 
of failure, further treatment alternatives remain available. Because 
of the various nonunion types and the multitude of possible prob-
lems related to the patient’s health and comorbidity, such as prior 
treatments and the bone and soft tissue defects, no simple treatment 
algorithms are possible. The recommended strategy, with an array of 
management alternatives, is: (a) the “infection-elimination fi rst” by 
local radical debridement of all pathological tissue, followed by (b) 

tissue and bone reconstruction and (c) targeted chemotherapy with 
local and systemic antibiotics.

A specialized team of orthopaedic surgeons with expertise in a 
broad spectrum of techniques must thoroughly evaluate the patient 
and carefully consider all available information about the general 
health status and the local tissue conditions. The prior failed treat-
ments must be taken into account, as well as the optimization of all 
treatment modifi ers. Where extensive surgical exposures have failed 
consideration is given to less invasive techniques that respect the 
surrounding soft tissues. Stable fi xation, adequate vascularity, bone-
to-bone contact, and bone grafting or strong bone regenerate are 
crucial factors for success. The potential need for future treatment 
should be considered when pursuing any particular intervention. 

The care of the patients with infected nonunions may be best 
performed at specialized septic surgery centers with an expert 
team approach to achieve the ultimate goals of bony union and 
restoration of alignment and function, while limiting the extent 
of residual disability. A medical center that treats infected non-
unions should provide all of the appropriate resources and a 
supportive team of consulting specialists to contribute to all 
aspects of care, both at the initial evaluation and throughout the 
course of treatment. The role of anesthesiologists is obvious as well 
as of the internists for patients with serious medical conditions. 
Plastic surgeons are often necessary to reconstruct the soft tissues 
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after serial debridement and vascular surgeons may be required if 
the vascularity of the limb is in question. A multidisciplinary treat-
ment team should be utilized in providing comprehensive care, 
including a pain management specialist, a psychiatrist to support 
patients with clinical depression, a neurologist to evaluate motor 
or sensory loss, a dietician to optimize the nutritional status, and 
physical and occupational therapists to facilitate rehabilitation. 
Microbiology and histopathology labs with the availability of 
modern diagnostic facilities, an experienced clinical pharmacolo-
gist and an infectious disease specialist are all integral parts of the 
multidisciplinary unit as well.

APPENDIX - SEARCH STRATEGY

There is no study in the literature that has evaluated this partic-
ular issue. We have conducted a broad literature search trying to 
identify articles or parameters that could lead us to musculoskel-
etal infection specialist centers, although the number of true, dedi-
cated centers with multi-disciplinary units at this time remains 
very low. Medline, Cochrane, and Embase databases were searched, 
employing the terms: “infected nonunions,” “septic nonunions,” 
“specialist’s septic centers,” “infected nonunion AND hospital” and 
“infected nonunion AND septic center.” After removing papers that 
did not match our criteria we ended up with 69 articles, which were 
all observational case series for infected nonunions. Out of those we 
identifi ed 28 articles (all level IV) that could be used for our analysis. 
Hospitals with level I trauma centers that had a minimum of two 
publications about infected nonunions were classifi ed as “specialist 
centers“ (group A) [1–15]. Orthopaedic departments with only one 
publication were categorized as “non specialized septic centers” 
(group B) [16–28]. 

In total, there were 15 publications from 10 centers in group 
A, and 13 publications from an equal number of centers in group 
B. Regarding the diff erent treatment methods, in group A, 60% 
reported using external fi xator to stabilize the nonunion, 20% used 
open reduction and internal fi xation (ORIF), 6% intramedullary 
(IM) nailing and the remaining used more than one technique. In 
67% of the patients in group A a bone graft was used, whereas in 
group B only 38% mention using bone grafting. For the fi xation of 
the bone in group B, in 54% external fi xation were applied, 15% used 
IM nails, 7.7% ORIF, while the rest report the use of more than one 
technique (external fi xators and plates). Most studies do not report 
the length of hospital stay and time for return to work. In addi-
tion, not all of them give data about limb shortening and align-
ment. The average number of patients in the studies was relatively 
small. Given also the heterogeneity of anatomical locations of the 
nonunions among the diff erent studies, valid comparisons are not 
possible. The number of previous operations was comparable: 2.9 
in group A, and 3.1 in group B. 

In 54% of group A centers, the infected nonunions were treated 
in one stage and 46% in two stages. In group B, 73% of the patients 
were treated in one stage and 27% in two stages. Thirteen studies 
analyzed the outcomes of treatment with the Ilizarov method, nine 
studies analyzed the management with a single-stage or two-stage 
approach and use of cancellous bone grafting, three studies involved 
vascularized bone grafting, and one study involved a bulk allograft. 
Follow-up was higher in group A (46.4 months) compared to group 
B (37.3 months). Both groups demonstrated similar outcomes with 
respect to the elimination of infection. However, parameters such 
as length of hospital stay, time to bone healing, time until return to 
work, functional outcomes and patient reported outcome measures 
are not available, thus markedly limiting the strength of the recom-
mendation.

REFERENCES
[1] Wu CC. Single-stage surgical treatment of infected nonunion of the distal 

tibia. J Orthop Trauma. 2011;25:156–161. doi:10.1097/BOT.0b013e3181eaaa35.
[2] Wu CC, Chen WJ. One-stage revision surgery to treat hip infected nonunion 

after stabilization with a sliding compression screw. Arch Orthop Trauma 
Surg. 2003;123:383–387. doi:10.1007/s00402-003-0563-3.

[3] Ueng SW, Wei FC, Shih CH. Management of femoral diaphyseal infected 
nonunion with antibiotic beads local therapy, external skeletal fi xation, 
and staged bone grafting. J Trauma. 1999;46:97–103.

[4] Chen CY, Ueng SW, Shih CH. Staged management of infected humeral 
nonunion. J Trauma 1997;43:793–798.

[5] Chen CE, Ko JY, Pan CC. Results of vancomycin-impregnated cancellous 
bone grafting for infected tibial nonunion. Arch Orthop Trauma Surg. 
2005;125:369–375. doi:10.1007/s00402-005-0794-6.

[6] Prasarn ML, Ouellett e EA, Miller DR. Infected nonunions of diaphyseal 
fractures of the forearm. Arch Orthop Trauma Surg. 2010;130:867–873. 
doi:10.1007/s00402-009-1016-4.

[7] Prasad R. Management of multi-drug resistant tuberculosis: practitioner’s 
view point. Indian J Tuberc. 2007;54:3–11.

[8] Davis JA, Choo A, O’Connor DP, Brinker MR. Treatment of infected forearm 
nonunions with large complete segmental defects using bulk allograft 
and intramedullary fi xation. J Hand Surg Am. 2016;41:881–887. doi:10.1016/j.
jhsa.2016.05.021.

[9] Brinker MR, O’Connor DP, Crouch CC, Mehlhoff  TL, Bennett  JB. Ilizarov treat-
ment of infected nonunions of the distal humerus after failure of internal 
fi xation: an outcomes study. J Orthop Trauma. 2007;21:178–184. doi:10.1097/
BOT.0b013e318032c4d8.

[10] Calhoun JH, Henry SL, Anger DM, Cobos JA, Mader JT. The treatment of 
infected nonunions with gentamicin-polymethylmethacrylate antibiotic 
beads. Clin Orthop Relat Res. 1993:23–27.

[11] Stasikelis PJ, Calhoun JH, Ledbett er BR, Anger DM, Mader JT. Treatment of 
infected pilon nonunions with small pin fi xators. Foot Ankle. 1993;14:373–
379.

[12] Yin P, Zhang L, Li T, Zhang L, Wang G, Li J, et al. Infected nonunion of tibia and 
femur treated by bone transport. J Orthop Surg Res. 2015;10:49. doi:10.1186/
s13018-015-0189-5.

[13] Zhang Q, Yin P, Hao M, Li J, Lv H, Li T, et al. Bone transport for the treat-
ment of infected forearm nonunion. Injury. 2014;45:1880–1884. doi:10.1016/j.
injury.2014.07.029.

[14] 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.

[15] Emara KM, Allam MF. Ilizarov external fi xation and then nailing in manage-
ment of infected nonunions of the tibial shaft. J Trauma. 2008;65:685–691. 
doi:10.1097/TA.0b013e3181569ecc.

[16] Conway J, Mansour J, Kotze K, Specht S, Shabtai L. Antibiotic cement-
coated rods: an eff ective treatment for infected long bones and pros-
thetic joint nonunions. Bone Joint J. 2014;96-B:1349–1354. doi:10.1302/0301-
620X.96B10.33799.

[17] Selhi HS, Mahindra P, Yamin M, Jain D, De Long WG, Singh J. Outcome 
in patients with an infected nonunion of the long bones treated with a 
reinforced antibiotic bone cement rod. J Orthop Trauma. 2012;26:184–188. 
doi:10.1097/BOT.0b013e318225f77c.

[18] Megas P, Saridis A, Kouzelis A, Kallivokas A, Mylonas S, Tyllianakis M. 
The treatment of infected nonunion of the tibia following intramedul-
lary nailing by the Ilizarov method. Injury. 2010;41:294–299. doi:10.1016/j.
injury.2009.09.013.

[19] Schött le PB, Werner CML, Dumont CE. Two-stage reconstruction with free 
vascularized soft tissue transfer and conventional bone graft for infected 
nonunions of the tibia: 6 patients followed for 1.5 to 5 years. Acta Orthop. 
2005;76:878–883. doi:10.1080/17453670510045534.

[20] Haidukewych GJ, Sperling JW. Results of treatment of infected humeral 
nonunions: the Mayo Clinic experience. Clin Orthop Relat Res. 2003:25–30. 
doi:10.1097/01.blo.0000084399.53464.4e.

[21] Ring D, Jupiter JB, Gan BS, Israeli R, Yaremchuk MJ. Infected nonunion of 
the tibia. Clin Orthop Relat Res. 1999:302–311.

[22] Patzakis MJ, Scilaris TA, Chon J, Holtom P, Sherman R. Results of bone 
grafting for infected tibial nonunion. Clin Orthop Relat Res. 1995:192–198.

[23] Catt aneo R, Catagni M, Johnson EE. The treatment of infected nonunions 
and segmental defects of the tibia by the methods of Ilizarov. Clin Orthop 
Relat Res. 1992:143–152.

[24] Green SA, Dlabal TA. The open bone graft for septic nonunion. Clin Orthop 
Relat Res. 1983:117–124.

[25] Xiao C, Tang F, Zhou Y, Zhang W, Luo Y, Duan H, et al. A locking compression 
plate as an external fi xator for treating infected nonunion of the humeral 
diaphysis. BMC Surg. 2016;16:53. doi:10.1186/s12893-016-0167-9.

[26] Liu T, Liu Z, Ling L, Zhang X. Infected forearm nonunion treated by bone 
transport after debridement. BMC Musculoskelet Disord. 2013;14:273. 
doi:10.1186/1471-2474-14-273.

[27] McKee MD, Li-Bland EA, Wild LM, Schemitsch EH. A prospective, rand-
omized clinical trial comparing an antibiotic-impregnated bioabsorbable 
bone substitute with standard antibiotic-impregnated cement beads in 
the treatment of chronic osteomyelitis and infected nonunion. J Orthop 
Trauma. 2010;24:483–490. doi:10.1097/BOT.0b013e3181df91d9.

[28] Rohilla R, Wadhwani J, Devgan A, Singh R, Khanna M. Prospective 
randomised comparison of ring versus rail fi xator in infected gap nonunion 
of tibia treated with distraction osteogenesis. Bone Joint J. 2016;98-B:1399–
1405. doi:10.1302/0301-620X.98B10.37946.

•    •    •    •    •


