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Introduction
Tibia is one of the most common bones to sustain open injury 
because of its superficial nature. The number of complex trauma cases 
caused by traffic accidents have increased progressively in India.  
External fixation is associated with a high incidence of complications 
including pin tract infection, malunion, delayed union and non- 
union [1,2]. Early debridement and unreamed interlocking nailing 
have emerged as important modalities for the management of open 
fractures of tibia. However, since many cases in our country are 
presented late to the emergency department with improper initial 
management, our results of the management of open fractures are 
likely to be different from those reported in the western literature. We 
studied the clinical outcomes of unreamed intramedullary 
interlocking nailing in 52 cases of solely compound fractures of  tibia.

Methods
Between June 2018 and May 2019, a total of 56 cases of open tibial 
shaft fractures were operated on with unreamed interlocking nails. 4 
patients were lost to follow-up. 52 patients (18 women and 34 men) 

were followed up for a mean period of 20 months (range, 18–24 
months). Only injuries associated with the tibial shaft were included. 
Type-III c fractures, fractures associated with head injury, chest 
injury, major neurovascular injury, proximal tibial shaft articular 
fractures, and fractures within 5cm of distal articular surface of tibia 
were excluded. 
Traffic accidents were the cause of fractures in all patients. The 
patients’ median age was 30 years (range, 16–62 years). The 
morphology of all fractures was classified according to the 
classification of Gustilo and Anderson [4] for open fractures. There 
were 28 (53.8%) type-I, 16 (30.7%) type-II, 8 (15.3%) type-III. 38 
fractures were at mid-shaft level and 14 fractures were at the positions 
of either the upper one third or the lower one third of the tibia. In all 
the cases, injectable third-generation cephalosporins and 
aminoglycosides was started in the emergency room and kept using 
them after surgery for 1 week and 5 days, respectively. In cases of 
contamination, metronidazole was added. Wounds were irrigated 
with normal saline (7-10). After thorough debridement under 
anaesthesia, unreamed interlocking nail (size 8 in 43 cases and size 9 
in 9 cases) was inserted under image intensifier guidance. All the nails 
were locked with bolts proximally and distally. 
46 of the 56 cases (88.4%) presented to emergency department 
within 24 hours of injury; however, 78% of them were operated after 
24 hours of injury because of delay in setup. Only 10 cases presented 
after 24 hours (4 cases of type IIIA). The mean operating time was 
one hour (range, 45– 90 minutes). Mean interval from injury to 
operation was 34 hours (range, 8–48 hours). Wounds were re-
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Objective: To assess the clinical outcome of unreamed intramedullary interlocking nailing in open fractures of tibia, and to evaluate the 
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Ketenjian’s criteria. Results were good to excellent in 85.8% cases, and poor in 10.7% cases. Only 2 of  8 patients with type-III fractures had good 
results. Of 56 patients, 6 had superficial infection, 4 had deep infection, 6 had delayed union, 1 had infected non-union, 3 had malunion, 6 had 
screw breakage, and 10 had anterior knee pain. 
Conclusion: Unreamed interlocking tibial nailing can be safely used for type-I and type-II open injuries even with delayed presentation. Use 
of unreamed nailing in type-III fractures with delayed presentation has high incidence of complications in this study. 
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examined after 24 hours and further debridements were planned 
accordingly. Primary wound closure was performed in 14 cases. 
Muscle flaps and fasciocutaneous flaps were used to cover the exposed 
bone on postoperative day 7-10. Early postoperative mobilisation was 
encouraged, when not contraindicated by other injuries.
Cases were followed up regularly and were evaluated functionally 
according to modified Ketenjian’s criteria. X-rays were taken at regular 
intervals, and weight bearing was allowed based on radiological 
evidence of callus formation. Of 56 cases, 40 (71.4%) cases required 
only one debridement, 10 (17.9%) required 2 debridements (8 in type 
II and 2 in type IIIA), and 6 (10.7%) required 3 debridements (4 in 
type IIIa, 2 in type IIIb). The mode of soft tissue coverage is shown in 
Table 2. 
Delayed union was defined as lack of union 6 months postoperatively. 
Radiographic evidence of union was defined by the presence of 
bridging callus, and clinical union by the ability to support body 
weight unaided without pain. Superficial infection was defined as local 
erythema which resolved with antibiotic therapy. Deep infection was 
defined as continuing wound drainage or a positive bacteriological 
culture. Statistical analysis (SPSS) was used to evaluate the rate of 
union and the incidence of infection according to grade, type and site 
of  fracture.

Results 
The mean follow-up was 19 months with a minimum of 11 months. 43 
fractures united within 6 months with a mean period to union of  26.2 
weeks. There were 3 nonunions, treated with bone grafting ( fig. 1a, 
1b), and 6 cases in which union was delayed for more than 6 months 
and 2 were dynamised by removing the proximal screw; rest 4 united 

on subsequent follow ups (Fig. 2a,2b,3a,3b,3c). According to the 
severity of  grade, the mean time to union of grade I fractures was 22.8 
weeks, that of grade II fractures was 26.3 weeks and grade III fractures 
at 29.8 week. There was thus no statistically significant correlation 
between severity of the open fracture and the time to union in this 
study (Table 2). The mean time to union according to the AO 
classification was 18.2 weeks with type A fractures, 23.6 weeks with 
type B fractures and 29.3 weeks with type C fractures (Table 2). Thus 
the union time was longer in more complex high energy fractures 
(P=0.02). The mean non-weightbearing period was 8.2 weeks (range, 
6–14 weeks) and the mean partial weight bearing period was 7.3 weeks 
(range, 6–20 weeks). 
There were 6 superficial infections, 2 in a grade II fracture and 4 in a 
grade IIIb fracture, successfully treated with antibiotic therapy. There 
were 4 deep infection, all associated with a grade IIIb fracture, 3 of 
those resolved after serial debridement and antibiotic treatment. 1 
case (type IIIB) progressed to infected non-union with discharging 
sinuses and had intermittent flares of acute osteomyelitis; as a result, 
the nail was removed at 36 weeks, Ilizarov fixator was applied, and 
corticotomy was carried out subsequently. 
There was 3 cases of malunion, defined as a rotational deformity of 
more than 10° or an angulation deformity of more than 10° or 
shortening by more than 10 mm. Locking screws broke in 6 cases; no 
nails broke. There were no complications requiring removal of implant 
or amputation .
Functional results based on the modified Ketenjian’s criteria are 
shown in Table 4. Results were good to excellent in 41 (78.8%), fair in 7 
(13.4%), poor in 4 (7%, all of the them had infected non-union). 

Discussion 
The external fixators are versatile and can facilitate early soft-tissue 
healing, had been extensively used. However, it is associated with a 
high incidence of pin tract infection,  pin loosening, nonunion and 
late angular deformity [3,4] . If a secondary procedure of nailing or 
plating is undertaken after the removal of fixator, there will be a high 
incidence of infection despite adequate antibiotic coverage [5,6,7]. 
The current trend of management of  Gustilo type I, II, and IIIA open 
fractures  of  tibia presented to the emergency department within 6 to 
8 hours is to perform unreamed intramedullary nailing. The 
unreamed tibial nailing is reported to have definite advantages over 
the reamed nailing [8]. Unreamed nailing in experimental studies has 
been found to cause less reduction in cortical circulation as compared 
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Fig. 1 a: Non Union on 
Subsequent follow up

Fig. 1 b: Union on 
subsequent follow up

Fig. 2 a: Delayed union Fig. 2 b: Union on 
subsequent follow up

Fig. 2 c: Intra op picture

Fig. 3 a: Pre op xray Fig. 3 b: Delay in 
union

Fig. 3 c: Complete union 
on subsequent follow up
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to reaming of the medullary canal [8,9]. Klein et al. [8] reported 
31% reduction of cortical circulation using unreamed nail as 
compared to 71% reduction after reaming. Reaming of open 
fractures has been found to spread the contamination from open 
wound along the medullary cavity and to strip small fragments of 
bone from the soft tissue attachment [11]. Reaming has also been 
reported to slow the revascularisation and delay osseous union 
[9,12]. Cortical necrosis is less likely to occur with a loosely fitted 
unreamed nail than a snugly fitted reamed nail [14]. In addition, 
smooth surface of  nail may decrease the susceptibility of  infection 
by decreasing the adherence of bacteria [15]. 
The majority of  our patients (98%) were operated on after 24 
hours of injury because of delay in setup. One of the objectives of 
this study was to evaluate the incidence of complications in these 
open fractures treated with unreamed intramedullary nailing 
beyond the initial 24 hours. Despite thorough debridement and 
adequate soft tissue coverage, there was  an overall incidence of 
deep infection in 4 of  52 (7.6%) cases, all of  which was in type-III b 

open fractures. Delayed management of these high-velocity type-
III injuries with extensive tissue damage and contamination 
exacerbates bacterial colonisation and chronic deep infection. The 
type-I and type-II open fractures, with comparatively less soft-
tissue damage and contamination, can be safely managed by 
debridement, early wound coverage, and unreamed interlocking 
nailing, as shown in our study that there was no evidence of deep 
infection in these types of  fractures. Various series reported 2% to 
16% incidence of deep infection and the majority of which were 
type- III compound injuries [1,2,9,14]. The series also 
recommended careful selection of patients for using interlocking 
nail in this type of fracture. In our study, the only infected non-
union case indicates to the above findings. When significant 
disruption of  bony vascularity was present, normal process of  
bony union could be hampered to a considerable extent, which was 
observed in our cases of delayed unions and non-unions that 
subsequently  required bone graft supplementation. Yokoyama et 
al. reported a mean union time of 15 months in more than 50% of 
type-III fractures, whereas the overall mean union time in their 
series was 6.6 months, which is comparable with that in our series 
(26.2 weeks). Comparable incidences of delayed union and bone 
graft supplementation were also reported in other series 
[2,4,14,15]. 
In our series, the incidence of  screw breakage was 11.5%, which was 
comparable to the 6% to 40% of that in other series [1,7,14,15]. 
Kneifel and Buckley [16] advocated to use 2 screws each for both 
proximal and distal locking to make the assembly rigid and reduce 
the incidence of screw failure. In our series, 78.8% of overall results 
were good to excellent. Yokoyama et al. reported that 89% of the 
results in type-I and type-II fractures were good to excellent, and 
75% of the results in severe type-III open fractures were good. In 
contrast, in our series of  type- III open fractures, only 25% of  the 
results were good.

Conclusion
Adequate debridement, early soft-tissue coverage, and early 
adequate fixation are the key to minimise deep infection. We 
recommend using unreamed locked tibial nailing for type-I and 
type-II open fractures of the tibia even with delayed presentation. 
We do not recommend using unreamed nailing for type-III 
fractures with delayed presentation, because of the high incidence 
of  complications, which may  need  revision  procedures.

Mohapatra N  et al www.ojotonline.com

Complications 
No. of 

patients 

Percentage

% 

Superficial early infection 6 11.5

deep infection 4 7.6

Screw breakage 6 11.5

Anterior knee pain 10 19.2

Delayed union 6 11.5

malunion 3 5.7

Table 1: complications.

Grade No. of cases (%) 
Union time 

(weeks) 

I 28(53.8) 22.8

II 16(30.7) 26.3

IIIA 5(9.6) 28.8

IIIB 3(5.7) 30.4

Total 52 26.2

Table 2: Union time and infection according to the 
Gustilo-Anderson classification system. 

Types 
No. of cases 

(%) 

Union time 

(weeks) 

A (22) (simple) 28(53.8) 18.2

B (18) (wedge) 18(34.6) 23.6

C (6) (complex) 6(11.5) 29.3

Total 52 26.2

table 3: Union time and nonunion according to the AO 

classification. 
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