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Key message: Non- union of Tibia fractures after Ilizarov frame 
use is a difficult scenario with no clear guidelines of management. An 
amputation rate upto 10% is reported in this population. The’ Brankov 
pathway’ described in this paper is a safe management pathway which 
has achieved 100% union in our series of 59 cases.

Introduction
The tibia is vulnerable to trauma as it is one of the most 

subcutaneous bones in the body. It has one of the highest incidences of 
fractures amongst the long bones [1]. Fortunately, most operative cases 
can be managed with intramedullary (IM) nailing or open reduction 
and internal fixation (ORIF). However, when faced with a complex 
tibial fracture, external fixation may be necessary [2] The Ilizarov frame 
is often considered one of the best external fixator for these cases [3-6]. 

The rate of non-union following tibial fractures ranges from 
3 to 11% [7]. Tibial non-union provides a great challenge for the 
orthopaedic surgeon [8] and the reasons for failure of union may not be 
straightforward, such as a poor mechanical environment or infection 
[9]. Ilizarov frames are generally regarded as a last line option after 
multiple surgeries have failed. A systematic review and meta-analysis 
of the Ilizarov methods in treatment of infected non-unions of the 
tibia in 2015 by Yin et al. [10] report a mean time in a frame of 9.41 
months. This prolonged period can cause significant discomfort and 
distress for patients. There are also significant material costs as well 
as psychological and physical trauma to patients associated with trial 
of multiple surgeries [11]. Following this Ilizarov method there is still 
a 3-18% [10-16] non-union range and an amputation rate of 4-10% 
[10,16,17]. 

There is a lack of literature that discusses the patient group when 
the Ilizarov method fails. This study suggests a novel approach, which 
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we call the ‘Brankov pathway’ to achieve fracture union for this patient 
population and likely also shortens the duration spent in a frame.

A novel approach: The ‘Brankov Pathway’

Mr Brankov is an Orthopaedic surgeon working in Perth, Western 
Australia (WA). He has been trained by Mr Ilizarov, the father of the 
Ilizarov method himself. He is one of the few surgeons in WA that 
performs Ilizarov frame fixation for tibia fractures and has created 
the ‘Brankov pathway’ (Figure 1). As can be seen in Figure 1, weight 
bearing is commenced early and cases likely progressing to non-union 
can be identified early. Where there is insufficient callus formation at 
12 weeks, the patient is kept in the Ilizarov frame for an additional 12 
weeks. If there is still insufficient callus after a total of 24 weeks in the 
frame, a ‘frame holiday’ is commenced. The duration of the ‘frame 
holiday’ is guided by the infection status of the patient as per Figure 1b. 
These patients progress to an IM nail or ORIF ± bone graft.

Materials and Methods
All Ilizarov frames applied by Mr Brankov from 1st January 2009 
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union after management with Ilizarov method. An amputation rate of 4-10% is reported in this population. This paper 
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a) b)  

Figure 1: The ‘Brankov pathway’ a) Overall pathway for managing tibial fractures with an Ilizarov frame, b) Frame holiday. PTB: Patella Tendon Bearing.

Age and 
Sex Injury and Mechanism Open/Closed Past Medical History Social History Infection 

Status

29, Male Motor vehicle accident Closed - Nil

- Alcohol 
dependence
- Non-smoker
- Rigger

Non-infected

28, Male Motor vehicle accident
Open – Plastics 

needed for soft tissue 
coverage

-Depression
-Anxiety
-Asthma
-GORD

- Social alcohol
- Non-smoker
- Security officer

Infected

49, Male Motor vehicle accident Closed -OSA on CPAP
-IHD

- Social alcohol
- Social smoker
- Truck driver

Infected

52, Male Motor vehicle accident Closed

-Bipolar
-Hypothyroid
-Chronic back pain
-OSA on CPAP

- Social alcohol
- Non-smoker
- Office job

Non-infected

68, Male Crush injury sustained when tractor rolled over and 
trapped leg

Open – Plastics 
needed for soft tissue 

coverage

-HTN
-Diverticulitis
-T2DM

- Nil alcohol
- Social smoker
- Gardener

Infected

38, Male Tackled during a soccer match Open – Plastics 
needed for soft tissue 

coverage

-Craniotomy at age 10 for benign brain 
tumor.

- Social alcohol
- Non-smoker
- Office job

Infected

30, Male Bomb blast injury
Open – Plastics 

needed for soft tissue 
coverage

-Nil
- Nil alcohol
- Non-smoker
- Unemployed

Non-infected

27, Male Motor bike accident Closed -Nil
- Nil alcohol
- Non-smoker
- Navy officer

Non-infected

Table 1: Review of 8 non-union tibia fractures after Ilizarov method.

to 1st January 2017 in Perth, WA for tibia fractures were identified 
by searching Mr Brankov’s surgical log. All cases identified were 
retrospectively assessed for clinical and radiological union by screening 
medical records and radiological imaging. Several authors define union 
as the radiological presence of bridging callus at 3 out of 4 cortices on 
AP and lateral views [18]. Cases that failed to unite with the Ilizarov 
method were extracted to follow-up if union was achieved by following 
the ‘Brankov Pathway’.

Results
59 tibia fracture cases were identified that Mr Brankov used Ilizarov 

frames for.  Hospital records and imaging were available for all cases. 

The ‘Brankov pathway’ was used in all 59 cases. Out of these cases, only 
8 went on to non-union. Table 1 shows these 8 cases, 4 were infected 
non-unions and the remaining 4 were not-infected. Interestingly, 4 
were also open fractures and these required plastics input for soft tissue 
coverage. The average age of these patients was 40 and all were male.

These 8 non-union cases were managed with a ‘frame holiday’ and 
7 progressed to an IM nail and one had an ORIF as an IM nail was not 
possible due to broken screws within the bone (Figure 2). As can be 
seen in Figure 2 all 8 cases went onto radiological union and clinical 
union as per hospital records. With the ‘Brankov pathway’ we have 
managed to achieve union in 100% of cases.
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Figure 2: 8 non-union cases after the Ilizarov method. Union achieved with the ‘Brankov pathway’.
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Conclusion 
The ‘Brankov Pathway’ described here for Ilizarov frames is the first 

pathway in the literature that guides management even after Ilizarov 
frame fails to achieve union. It is a novel approach that has shown a 
100% success rate in union of tibial fractures, including eight cases 
of non-union after failure of the Ilizarov frame. Bone “personality” 
determines time in the circular frame and the pathway enables 
identification of cases going on to non-union earlier thus shortening 
time spent in a frame. In cases of non-union there are benefits in earlier 
conversion of the frame to nail/plate after a ‘frame holiday’. Stability of 
bony fragments is critical for eradication of bone infection. Recurrent 
infection is possible but less likely with this pathway.
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https://doi.org/10.22271/ortho.2016.v2.i4b.12
https://doi.org/10.22271/ortho.2016.v2.i4b.12
https://doi.org/10.1007/s11845-014-1240-y
https://doi.org/10.1007/s11845-014-1240-y
https://doi.org/10.1007/s11845-014-1240-y
https://doi.org/10.1302/0301-620x.92b5.22514
https://doi.org/10.1302/0301-620x.92b5.22514
https://doi.org/10.1302/0301-620x.92b5.22514
https://doi.org/10.1016/s0020-1383(02)00393-5
https://doi.org/10.1016/s0020-1383(02)00393-5
https://doi.org/10.1016/s0020-1383(02)00393-5
https://doi.org/10.1308/003588414x13824511650335
https://doi.org/10.1308/003588414x13824511650335
https://doi.org/10.1308/003588414x13824511650335
https://doi.org/10.1016/j.rboe.2016.11.008
https://doi.org/10.1016/j.rboe.2016.11.008
https://doi.org/10.1016/j.rboe.2016.11.008
https://doi.org/10.1051/sicotj/2015022
https://doi.org/10.1051/sicotj/2015022


Page 5 of 5

Volume 8 • Issue 1 • 1000438
J Trauma Treat, an open access journal
ISSN: 2167-1222

Citation: Rajitha G, Yates P, Brankov B (2019) A Novel Approach to Managing Tibia Fractures in an Ilizarov Frame and What to do Next When Circular 
Frames Fail- Retrospective Analysis of 59 Cases. J Trauma Treat 8: 438. doi: 10.4172/2167-1222.1000438

10.	Yin P, Ji Q, Li T, Li J, Li Z, et al. (2015) A systematic review and meta-analysis 
of Ilizarov methods in the treatment of infected nonunion of tibia and femur. 
PLoS ONE 10: e0141973.

11.	Madhusudhan TR, Ramesh B, Manjunath KS, Shah HM, Sundaresh DC, et 
al. (2008) Outcomes of Ilizarov ring fixation in recalcitrant infected tibial non-
unions: A prospective study. J Trauma Manag Outcomes 2: 6.

12.	Yin P, Zhang L, Li T, Zhang L, Wang G, et al. (2015) Infected non-union of tibia 
and femur treated by bone transport. J Orthop Surg Res 10: 49.

13.	Khan MS, Rashid H, Umer M, Qadir I, Hafeez K, et al. (2015) Salvage of 
infected non-union of the tibia with an Ilizarov ring fixator. J Ortho Surg 23: 52-55.

14.	Bumbasirevic M, Tomic S, Lesic A, Milosevic I (2010) War-related infected tibial 
nonunion with bone and soft-tissue loss treated with bone transport using the 
Ilizarov method. Arch Orthop Trauma Surg 130: 739-749.

15.	Magadum MP, Yadav CMB, Phaneesha MS, Ramesh LJ (2006) Acute 
compression and lengthening by the Ilizarov technique for infected non-union 
of the tibia with large bone defects. J Orthop Surg 14: 273-279.

16.	Dendrinos GK, Kontos S, Lyritsis E (1995) Use of the Ilizarov technique for 
treatment of non-union of the tibia associated with infection. J Bone Joint Surg 
Am 77: 835-846.

17.	Ring D, Jupiter JB, Gan BS, Israeli R, Yaremchuk MJ (1999) Infected non-
union of the tibia. Clin Orthop Relat Res 369: 302-311.

18.	Salih S, Blakey C, Chan D, McGregor-Riley JC, Royston SL, et al. (2015) The 
callus fracture sign: A radiological predictor of progression to hypertrophic non-
union in diaphyseal tibial fractures. Strategies Trauma Limb Reconstr 10: 149-153.

19.	Emara KM, Diab RA, Kae G (2015) Cost of external fixation vs. external fixation 
then nailing in bone infection. World J Orthop 6: 145-149.

20.	Peng J, Min L, Xiang Z, Huang F, Tu C, et al. (2015) Ilizarov bone transport 
combined with antibiotic cement spacer for infected tibial non-union. Int J Clin 
Exp Med 8: 10058-10065.

21.	Emara KM, Allam MF (2008) Ilizarov external fixation and then nailing in 
management of infected nonunions of the tibial shaft. J Trauma 65: 685-691.

22.	Atesalp AS, Komurcu M, Basbozkurt M, Kurklu M (2002) The treatment 
of infected tibial nonunion with aggressive debridement and internal bone 
transport. Mil Med 167: 978-981.

23.	McHale KA, Ross AE (2004) Treatment of infected tibial non-unions with 
debridement, antibiotic beads, and the Ilizarov method. Military Medicine 169: 
728-734.

24.	Karladani AH, Granhed H, Karrholm JJ (2001) The influence of fracture etiology 
and type on fracture healing: A review of 104 consecutive tibial shaft fractures. 
Arch Orthop Trauma Surg 121: 325-328.

25.	LM L (2001) Bone healing in children. Clin Podiatr Med Surg 18: 97-108.

26.	Lu C, Miclau T, Hu D, Hansen E, Tsui K, et al. (2005) Cellular basis for age-
related changes in fracture repair. J Orthop Res 23: 1300-1307.

27.	Gruber R, Koch H, Doll BA, Tegtmeier F, Einhorn TA, et al. (2006) Fracture 
healing in the elderly patient. Exp Geront 4: 1080-1093.

28.	Brinker MR, O’Connor DP, Monla YT (2007) Metabolic and endocrine 
abnormalities in patients with nonunions. J Orthop Trauma 21: 557-570.

29.	Kyro A, Usenius JP, Aarnio M, Kunnamo I (1993) Are smokers a risk group 
for delayed healing of tibial shaft fractures?. Ann Chir Gynaecol 82: 254-262.

30.	Adams CI, Keating JF, CM CB (2001) Cigarette smoking and open tibial 
fractures. Injury 32: 61-65.

31.	Elmali N, Ertem K, Ozen S, Inan M, Baysal T, et al. (2002) Fracture healing 
and bone mass in rats fed on liquid diet containing ethanol. Alcohol Clin Exp 
Res 26: 509-513.

32.	Chakkalakal DA, Novak JR, Fritz ED, Mollner TJ, McVicker DL, et al. (2005) 
Inhibition of bone repair in a rat model for chronic and excessive alcohol 
consumption. Alcohol 36: 201-214.

33.	Obermeyer TS, Yonick D, Lauing K, Stock SR, Nauer R, et al. (2012) 
Mesenchymal stem cells facilitate fracture repair in an alcohol-induced impaired 
healing model. J Orthop Trauma 26: 712-718.

34.	Waters RV, Gamradt SC, Asnis P, Vickery BH, Avnur Z, et al. (2000) Systemic 
corticosteroids inhibit bone healing in a rabbit ulnar osteotomy model. Acta 
Orthop Scand 71: 316-321.

35.	Boursinos LA, Karachalios T, Poultsides L, Malizos KN (2009) Do steroids, 
conventional non-steroidal anti-inflammatory drugs and selective Cox-2 
inhibitors adversely affect fracture healing?. J Musculoskelet Neuronal Interact 
9: 44-52.

36.	Worlock P, Slack R, Harvey L, Mawhinney R (1994) The prevention of infection 
in open fractures: An experimental study of the effects of fracture stability. 
Injury 25: 31-38.

37.	Reizner W, Hunter JG, O’Malley NT, Southgate RD, Schwarz EM, et al. (2015) 
A systematic review of animal models for Staphylococcus aureus osteomyelitis. 
Eur Cell Mater 27: 196-212.

https://doi.org/10.1371/journal.pone.0141973
https://doi.org/10.1371/journal.pone.0141973
https://doi.org/10.1371/journal.pone.0141973
https://doi.org/10.1186/1752-2897-2-6
https://doi.org/10.1186/1752-2897-2-6
https://doi.org/10.1186/1752-2897-2-6
https://doi.org/10.1186/s13018-015-0189-5
https://doi.org/10.1186/s13018-015-0189-5
https://doi.org/10.1177/230949901502300112
https://doi.org/10.1177/230949901502300112
https://doi.org/10.1007/s00402-009-1014-6
https://doi.org/10.1007/s00402-009-1014-6
https://doi.org/10.1007/s00402-009-1014-6
https://doi.org/10.1177/230949900601400308
https://doi.org/10.1177/230949900601400308
https://doi.org/10.1177/230949900601400308
https://doi.org/10.2106/00004623-199506000-00004
https://doi.org/10.2106/00004623-199506000-00004
https://doi.org/10.2106/00004623-199506000-00004
https://doi.org/10.1007/s11751-015-0238-y
https://doi.org/10.1007/s11751-015-0238-y
https://doi.org/10.1007/s11751-015-0238-y
https://doi.org/10.5312/wjo.v6.i1.145
https://doi.org/10.5312/wjo.v6.i1.145
https://doi.org/10.1097/ta.0b013e3181569ecc
https://doi.org/10.1097/ta.0b013e3181569ecc
https://doi.org/10.1093/milmed/167.12.978
https://doi.org/10.1093/milmed/167.12.978
https://doi.org/10.1093/milmed/167.12.978
https://doi.org/10.1007/s004020000252
https://doi.org/10.1007/s004020000252
https://doi.org/10.1007/s004020000252
https://doi.org/10.1016/j.orthres.2005.04.003
https://doi.org/10.1016/j.orthres.2005.04.003
https://doi.org/10.1016/j.exger.2006.09.008
https://doi.org/10.1016/j.exger.2006.09.008
https://doi.org/10.1097/bot.0b013e31814d4dc6
https://doi.org/10.1097/bot.0b013e31814d4dc6
https://www.semanticscholar.org/paper/Are-smokers-a-risk-group-for-delayed-healing-of-Kyr%C3%B6-Usenius/d275867d1b924ae2a832616cc3bf031cac015572
https://www.semanticscholar.org/paper/Are-smokers-a-risk-group-for-delayed-healing-of-Kyr%C3%B6-Usenius/d275867d1b924ae2a832616cc3bf031cac015572
https://doi.org/10.1016/s0020-1383(00)00121-2
https://doi.org/10.1016/s0020-1383(00)00121-2
https://doi.org/10.1111/j.1530-0277.2002.tb02568.x
https://doi.org/10.1111/j.1530-0277.2002.tb02568.x
https://doi.org/10.1111/j.1530-0277.2002.tb02568.x
https://doi.org/10.1016/j.alcohol.2005.08.001
https://doi.org/10.1016/j.alcohol.2005.08.001
https://doi.org/10.1016/j.alcohol.2005.08.001
https://doi.org/10.1097/bot.0b013e3182724298
https://doi.org/10.1097/bot.0b013e3182724298
https://doi.org/10.1097/bot.0b013e3182724298
https://doi.org/10.1080/000164700317411951
https://doi.org/10.1080/000164700317411951
https://doi.org/10.1080/000164700317411951
http://www.academia.edu/17167935/Do_steroids_conventional_non-steroidal_anti-inflammatory_drugs_and_selective_COX-2_inhibitors_adversely_affect_fracture_healing
http://www.academia.edu/17167935/Do_steroids_conventional_non-steroidal_anti-inflammatory_drugs_and_selective_COX-2_inhibitors_adversely_affect_fracture_healing
http://www.academia.edu/17167935/Do_steroids_conventional_non-steroidal_anti-inflammatory_drugs_and_selective_COX-2_inhibitors_adversely_affect_fracture_healing
http://www.academia.edu/17167935/Do_steroids_conventional_non-steroidal_anti-inflammatory_drugs_and_selective_COX-2_inhibitors_adversely_affect_fracture_healing
https://doi.org/10.1016/0020-1383(94)90181-3
https://doi.org/10.1016/0020-1383(94)90181-3
https://doi.org/10.1016/0020-1383(94)90181-3
https://doi.org/10.22203/ecm.v027a15
https://doi.org/10.22203/ecm.v027a15
https://doi.org/10.22203/ecm.v027a15

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	A novel approach: The ‘Brankov Pathway’ 

	Materials and Methods 
	Results
	Discussion
	Conclusion
	Conflict of Interest 
	Figure 1
	Figure 2
	Figure 3
	References

