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Abstract: The tibial shaft is one of the most common sites of open fractures of all the open fractures, 63% are 

seen in the tibia alone. Ramon Gustilo has laid down the foundations of open fracture management; thorough 

debridement and irrigation, fracture stabilization, early soft tissue coverage and rehabilitation. The optimum 

treatment for open fractures of the tibia remains controversial; treatment options include closed reduction and 

cast immobilization, open reduction and fixation either with plate or external fixators and closed reduction with 

intramedullary nailing. With the advent of image intensifier, high-class antibiotics and meticulous debridement 

technique, stabilization of fractures, and soft tissue cover many orthopaedic surgeons are now using 

intramedullary interlocking nailing as a primary method of fixation in open fractures of tibia especially Grade I 

and II (Gustilo–Anderson Classification). Ultimate functional outcome depends on timely union and joint 

movements’ preservation. The aim of present study was to study the clinical and functional outcome of 

unreamed tibial intramedullary nailing (UTN) in grade I, II and IIIA (Gustilo-Anderson) compound diaphyseal 

fractures of tibia & to study the incidence of complications. In this study, 20 patients with open fractures of 

both bones of the leg were included for (UMN). The results were evaluated as per “Modified Johner and 

Wruh’s criteria.” In 85% patients excellent to good results were obtained, fair in 10% and poor in 5%. It was 

concluded that UTN for open tibia fracture is good option, With, proper and early debridement and fixation very 

excellent to good results can be obtained in open tibial diphyseal fractures grade I, II and IIIA. 
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I. Introduction 
The tibial shaft is one of the most common sites of open fractures of all the open fractures, 63% are 

seen in the tibia alone.
1
 Ramon Gustilo has laid down the foundations of open fracture management; thorough 

debridement and irrigation, fracture stabilization, early soft tissue coverage and rehabilitation.
2 
According to him 

progression from grade 1 to 3C implies a higher degree of energy involved in the injury, higher soft tissue and 

bone damage and higher potential for complications. 
3
 The management of open fractures is regarded as an 

orthopaedic emergency.
4 

The traditional method of treating open tibial fractures was with an external fixator.
5,6

  

Monolateral external fixation has been employed to treat open tibial fractures with great success; however, not 

without significant complications like frequent pin tract infection, non-union, malunion and angular instability.
7, 

8
 

With improvements in soft tissue care and wound coverage techniques, number of patients going for 

limb amputations has reduced.
10

 Ultimate functional outcome depends on timely union and joint movements 

preservation.
11,12

 Restoration of length, axial alignment, and rotation is essential, but anatomical reduction of 

every fracture fragment is not very essential
13

. In unreamed nailing, there is less risk of fat embolism and several 

studies suggest better preservation and more-rapid recovery of the intraosseous blood supply after insertion of a 

small diameter nail.
14

  

 

PATIENT SELECTION 

All fresh compound tibial diphyseal fractures grade I, II and IIIA (Gustilo and Anderson were selected. 
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INCLUSION CRITERIA : 

 Gustilo and Anderson Grade I, II and IIIA compound tibia fractures. 

 Fractures distal to the tibial tuberosity and 7cm proximal to the ankle joint. 

 Skeletally mature patients. 

Exclusion Criteria : 

 Skeletally immature patients. 

 Gustilo and Anderson Grade IIIB, IIIC compound tibia fractures. 

 Pathological fractures. 

 Fractures proximal to tibial tuberosity. 

 Fractures within 7 cm of the distal articular surface of tibia. 

 

II. Aims And Objectives 
1. To study the clinical and functional outcome of unreamed intramedullary nailing in grade I, II and IIIA 

(Gustilo-Anderson) compound diaphyseal fractures of tibia. 

2. To study the incidence of complications. 

 

III. Materials & Methods 
In this study, 20 patients with post-traumatic open fractures of both bones of the leg were 

included. All the cases were treated at a tertiary institute of Punjab and were followed for 9 months. An 

informed consent was taken. Associated head injury/ chest injury/ abdominal injury were evaluated for 

proper management. Every case was given prophylactic intra-venous a n t i b i o t i c .  Careful 

evaluation of the injured limb as per Gustilo and Anderson classification was done and 

documented. Meticulous debridement and copious irrigation of the wound with min i mu m 3 litres of 

normal saline solution was done in the emergency department fracture immobilized temporarily with the help 

of POP back-slab. Roentgenography was done in two views: antero-posterior and lateral. 

 Patients were operated under spinal/general anaesthesia. Patient was placed in spine over a radiolucent 

operating table. The injured leg was positioned freely, with knee flexed 90° over the edge of operating table to 

relax the gastro soleus muscle and allow traction by gravity. The uninjured leg was placed in abduction, flexion 

and external rotation to ensure free movements of the image intensifier. Reduction of fracture was carried. 

Vertical skin incision was given over center of patellar tendon from centre of the inferior pole of patella to the 

tibial tuberosity about 3 cm long. Patellar tendon splitted vertically in its middle in the direction of fibers and 

retracted to reach the proximal part of tibial tuberosity. Correct insertion point identified. Entry portal created, 

making sure it is in line with the centre of medullary canal. Thereafter nail insertion was different for solid and 

cannulated nail. In cannulated nail procedure, the guide wire 3mm diameter x 950 mm length passed into the 

medullary canal of proximal fragment and the fracture fragments reduced under image intensifier. Nail was 

inserted over a guide wire. Nail diameter was 1 mm less than isthmus diameter.  

In solid nail procedure, nail was inserted directly with the help of jig through entry point and then 

through the fracture site, without guide wire. Nail diameter was 2 mm less than isthmus diameter. In both groups 

2 proximal locking and 2 distal locking screws inserted for interlock the nails. All nails were statically locked. 

Surgical wound closed in layers after achieving complete haemostasis.  

Postoperatively patient‟s vitals monitored and foot end elevated in-case of spinal anaesthesia. 

Broad-Spectrum antibiotics were given systemically. Analgesics were given as per patient needs. Check X-

ray was taken 24 hours later. Daily anti-septic dressing of the wound was done till the clearance of all the 

dead and necrotic tissue and then shifted to alternate day dressings. Partial weight bearing walker was 

individualised as per fracture type and nail diameter, Split-skin grafting were considered in case of s k i n  loss 

after the wound was covered by healthy granulation issue. The patients were motivated for the active and 

passive exercises of the joints distal and proximal to the injury.  Further follow-up was done at 4, 8, 12, 24 and 

36 weeks for a minimum of 9 months. With each follow up, clinical and radiological evaluation was done as per 

modified Johner and Wruh`s criteria.  

The presence of bridging callus on both radiographic view anteroposterior and lateral view defined 

union of fractured bone. 
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CASE I 

 
PRE-OPERATIVE        POST-OPERATIVE 

 

 
PRE-OPERATIVE WOUND      HEALED WOUND 

 

 
RANGE OF MOTION 

CASE II 

 



Unreamed Tibial Intramedullary Nailing (UTN) In Grade I, II And IIIA (Gustilo-Anderson)  

 

DOI: 10.9790/0853-1809101119                                 www.iosrjournals.org                                            14 | Page 

IV. Observations And Results 
The age of the patients ranged from 18 years to 70 years with average age being 39.85 years. 

AGE  
Age No. Of cases Percentage 

18-30 5 25% 

31-40 6 30% 

41-50 4 20% 

51-60 4 20% 

>61 2 10% 

Total 20 100% 

 

SEX INCIDENCE 

15(75%) of the patients were male and 5 (25%) of the patients were females.  

 
Sex No. Of cases Percentage 

Male 15 75% 

Female 05 25% 

Total 20 100% 
 

 

MODE OF INJURY: Majority of the fractures (16 ) were due to road side accidents.  
Mode of injury No. Of cases Percentage 

 Road side accidents 16 80% 

Fall from height 3 15% 

Assault 1 5% 

Total 20 100% 

 

TYPE OF FRACTURE (GUSTILO AND ANDERSON CLASSIFICATION)  

Out of the 20 fractures, 10(50%) were type I, 8(40%) were type II and 2(10%) were type IIIA. 
Type Cases Percentage 

I 10 50% 

II 08 40% 

IIIA 2 10% 

Total 20 100% 

 

TIME OF PRIMARY WOUND CARE  

Out of 20, 14(70%) wounds were primarily treated in the hospital and 6 (30%) were referred from smaller 

centres around the hospital. 
Admissions Within  6 hours  6-12 hour 12-24 hours Percentage 

Direct 8 5 1 70% 

Referrals 1 3 2 30% 

Total 9 8 3 100% 

 

TIME OF UTN 
Time of fixation Cases Percentage 

<12 hours 6 30% 

12-24 hours 9 45% 

24-48 hours 4 20% 

>48 hours 1 5% 

Total 20 100% 

 

ASSOCIATED INJURIES 
Associated injuries No. of cases Percentage 

Clavicle fracture 1 5% 

Distal radius fracture 2 10% 

 

PATTERN OF WOUND HEALING  

Out of the 20 wounds, 15(75%) healed with primary  intention. 
Wound healing Cases Percentage 

Primary intention 15 75% 

Secondary Granulation tissue 1 5% 

Split skin grafting 3 15% 

Rotation flaps 0 0 

Total 20 100% 
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NAIL DIAMETER 
Diameter of the nail No. of cases 

8mm 12 

9mm 8 

 

TIME OF WEIGHT BEARING  
Time of partial weight bearing No. of patients  Time of full weight bearing No. of patients 

4-6 weeks 7  12-15 weeks 6 

7-10 weeks 11  15-18 weeks 8 

>10 weeks 2  >18 weeks 5 

 

TIME OF FRACTURE HEALING  

The average time taken by type II fractures was 23.8 weeks or 5.75 months. One of the two of type 

IIIA united by 33 weeks. 
Fracture type United cases Percentage Average duration 

Grade I 10/10 100% 22.2 weeks 

Grade II 8/8 100% 23.87 weeks 

Grade IIIA 1/2 50% 33 weeks 

Total 19/20 95% 23.3 weeks 

Complications: 

 

TABLE 16 

COMPLICATIONS 

Complications 
Cases 

Total 
Grade I Grade II Grade IIIA 

Superficial infections 0 1 1 2(10%) 

Deep infections 0 0 1 1(5%) 

Anterior knee pain 1 2 2 5(25%) 

Fracture site pain 2 1 0 3(15%) 

Non-union 0 0 1 1(5%) 

Delayed union 1 2 1 4(20%) 

Mal-union 0 1 1 2(10%) 

Knee stiffness 2 2 1 5(25%) 

Ankle stiffness 2 1 1 4(20%) 

Shortening >1cm 0 0 0 0 

Neuro-vascular def. 0 0 0 0 

Screw breakage 0 1 0 1(5%) 

Compartment syndrome 0 1 0 1(5%) 

 

V. RESULTS 
The results were evaluated as per “Modified Johner and Wruh‟s criteria.  

In 85% patients excellent to good results were obtained. Fair in 10% and poor in 5%. 
Outcome No. of Cases  

Grade Grade I Grade II Grade IIIA Total 

Excellent – no non-union, no infections, no deformity, no 

shortening,  no pain,  full range of ankle and knee movements, 
no neurological deficit and normal gait 

6 2 0 

 
          40% 

 

(n=8) 

Good -  no non-union, mild infections, mild deformity, <10mm 

shortening,  occasional pain,  range of ankle(>75%) and knee 

(>80%)movements, no neurological deficit and normal gait 

3 5 1 

 

45% 

n=9) 

Fair - no non-union, moderate infections, moderate deformity,  
shortening 10 to 20mm ,  moderate pain,  range of ankle 

(>50%)and knee movements (>75%), no neurological deficit 

and mild limp 

1 1 0 

10% 

(n=2) 
(n=) 

Poor -  non-union, deep infections, significant deformity, 

>20mm shortening,  severe pain,  range of ankle(<50%) and 

knee (<75%)movements, neurological deficit and significant 
limp 

0 0 1 
 

5% 

Total 12 8 2 20 

 

VI. Discussion 
Either reamed 

17
 or unreamed intramedullary nailing technique 

18
 is used in the treatment of compound 

tibial diphyseal fractures. There is continued controversy regarding the use of reamed and unreamed nailing 

techniques for the management of open tibial fractures.
19,20
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The majority of cases were young adult male in the 3
rd

 and 4
th

 decade, comparable to other study series 

by Keating
21

, Freedman and Johnson
22

 and Whitelaw et al
23

.
 
Mean age of the patient was 39.87 years, similar to 

the study conducted by Mohamed A. Abdelaal
24

 (33 years) and A Aggarwal et al
25

 (40.3 years). Majority of 

the patients were male (75 %), only 25% patients were females similar to studies by Joshi V
35

 (52 out of 56 

patients), Mohamed A. Abdelaal
24

 (80% male),  Madhukar K. T et al
26

 ( 86%). The majority of fractures were 

due to roadside accidents. 

Drosos et al.
27

 identified fracture gap, comminution, screw failure and dynamisation as potential risk 

factors for non-union in tibial fractures treated with intramedullary nails. Sargeant et al
28

 (1994) suggested that 

cortical necrosis is less likely to occur with a loosely fitted intramedullary nail than a tightly fitted reamed nail. 

In our study 19 of the 20 fractures united. 95% union rate was achieved comparable to study Kaeting et al
21

 

(88%), Blachut et al
14

 (89%), Abdealaal
24

 (94.5%). The average union time in our study was 23.31 weeks or 5.6 

months, comparable with the mean union time in studies by Donimath
29

 24 weeks, Blachut
14

 (22 weeks), Singer 

and Kellam
30

 (union rate 6.1 months), Schandelmaier et al
31

 (25.8±14 weeks), and Osterman PA et al
32

 

(23.5weeks). This was found to be better than the various studies using external fixators such as in the study by 

Court Brown et al.
33

 (36.7 weeks), Karlstrom and Olerud
34

 (34.2 weeks) and Chan et al.
35

 (38.1 weeks).  

Court-Brown et al
36

 regarded any tibial fracture that unites without grafting or exchange nailing as 

healed uneventfully. Others report non-union if healing does not occur after three (Blachut et al., 1997)
14

, six 

(Greitbauer et al., 1998)
37

, nine (Wiss and Stetson, 1995)
38

 or 12 (Duwelius et al., 1995)
39

 months. Because of 

the different protocols regarding dynamisation, grafting or exchange nailing, non-union was here defined on 

time basis whether the fracture has united or not at the end of 9 months. In our study only one case (5%) 

developed non-union which was grade IIIA, probably due to soft tissue stripping and infection comparable to A. 

Abdelaal
24

 (5.5%), T Zaman et al
40

 (3.34%), Joshi et al
41

 (6/56). 14(70%) Of the fractures were united by 6 

months, rest 5 (25%) fractures were united between 6 to 9 months. The  average  time taken by type I fractures 

was 22.15 weeks or 5.2 months. The average time taken by type II fractures was 23.8 weeks or 5.75 months. 

One of the two of type IIIA united by 33 weeks. We encountered 4 (20%) cases of delayed union in which, after 

waiting for about 20 weeks when abundant callus was not visible in the radiograph and the patient had persistent 

tenderness over the fracture site. Bone grafting was done in 2 and autologous bone marrow aspirate was injected 

in 2 of the cases. The reason in the cases was probably was a small diameter nail and soft tissue stripping in 

open fractures. This indicates that a proper diameter, well-fitting nail should be used in all cases. Abdelaal et al
24

 

achieved union in 52 cases (94.5%) at an average time of 20 weeks, M a d h u k a r  K
2 6

 48(80%) fractures 

united within 6 months of injury, 9(15%) cases diagnosed as delayed union which eventually united within 36 

weeks. Similarly in a study by T Zaman
40

 et al union was seen in 51 (85%) patients and delayed union was 

observed in 7 (11.66%) subjects. In another study by Kakar S et al
42

, 143 fractures were followed to union. 

76(53%) fractures united in less than 6 months, 35(24.4%) took between 6 and 9 months. Joshi et al
41

 observed 

44 of the 56 fractures, healed within 32 weeks; 6 (4 in type II and 2 in type IIIA) had delayed union, 6 fractures 

still failed to unite despite dynamisation.  Primary skin closure was reported in 16 (80%) of cases, split skin 

grafting was required in 3 cases and 1 wound was allowed to heal with secondary granulation due to its small 

size and these results were comparable to those of Yokoyama et al.
43

 (1994) who reported successful primary 

closures in 70.2% cases and secondary closures with Split skin grafts/flaps in 29.8% cases. Emphasis has been 

placed on the soft tissue management in open tibial fractures in the recent literature. 
44-46  

Open fractures were 

traditionally left open so as to allow for wound drainage and inspection, and primary wound closure was 

forbidden due to the fear of osteomyelitis.
46

 This practice has been challenged due to the recent advances in 

systemic antibiotic use, local antibiotic beads, the so-called „fix and flap‟ technique, negative pressure wound 

care and more effective methods of fracture stabilisation.
47,48 

Rajasekaran et al
44 

closed wounds primarily in high 

energy open tibial fractures with 86.7% excellent results. Hohmann et al
46

 reported low infection rates with 

primary wound closure in low energy open tibial fractures in selected cases.  

In our study, despite a thorough debridement and an adequate soft tissue coverage, there was overall 3 

(15.0%) infections. 2 of which are superficial, which were treated with anti-septic dressings and antibiotics. One 

patient (5%) had deep infection. Despite regular dressing, oral antibiotics and guarded weight bearing continued, 

fracture was unable to unite. Then the nail was removed, sequestrectomy done and LRS was applied. Joshi
41 

observed incidence of infection in 6 of 56 (10.7%) cases, all of which was in type-III open fractures (75% of all 

type III cases). In a study by Madhukar K
26

 6 patients developed superficial infection which healed with 

antibiotics and regular dressings. One patient with Gustilo type II open fracture developed deep 

infection. Donimath et al
29

 observed 2 out of 25 cases, 2 cases of infection of which one was 

superficial and one deep.   

In the present work, nail size 8 was used in 12 cases (60%). Hahn et al (1996) advocated a cautious 

approach for such fractures by filling all the screw holes with bolts, to reduce the concentration of the stress 

distally at screw hole sites which may leads to fracture.
47

 In the present study, both the proximal and the distal 

interlocking holes were interlocked with two screws in the proximal and distal fragments. One patients (5%) had 
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screw breakage after they started full weight bearing. The same nail was continued but with guarded weight 

bearing until the fracture united. Fractures united in <6 months. We had compartment syndrome in 1 patient, 

which required fasciotomy. 

In our study, 15(75%) Out of the 20 patients were able to attain full range of motion at knee with all 

patients attained >75% range of movement as compared to opposite side and designated as good and fair,  

16(80%) had full range of ankle motion. A little better than other studies, Kakkar et al observed, 30(20%) out of 

143 patients with decreased ankle motion when compared with the uninjured side.
42

Madhurkar et al in their 

study observed in 36(60%) patients attained full knee motion, out of the rest 24 patients 8 (13%) attained 80% 

of knee motion in 6(10%) of cases less than 75% of knee motion were achieved.
26

 48 patients (80%) full range 

of ankle motion attained, more than 75% of ankle motion attained in 9 cases (15%). less than 50% of ankle 

motion attained in 3 cases (5%). We started knee and ankle exercise on the 2nd/3rd post-operative day.    

Few patients experienced anterior knee pain, pain at fracture site & locking bolt in treatment phase, 

most of them were controllable with rest and analgesics. Anterior knee pain, in our series, it was seen in five 

(25%) cases. We used the midline longitudinal incision made over the patellar tendon for nail insertion and used 

a tendon splitting approach for insertion. Oarfley et al showed that paratendinous approach is related with less 

knee pain and nail position in relation to the anterior cortex and tibial plateau had no influence on knee pain.
49

 

Toivannen et al showed that, a paratendinous approach for nail insertion does not reduce the prevalence of 

chronic anterior knee pain or functional impairment by a clinically relevant amount after intramedullary nailing 

of tibial shaft fracture.
50

 Devitt et al found arthroscopic evidence of chondromalacia patellae in a small number 

of patients with anterior knee pain after tibial nailing.
51

  

Sarmiento had demonstrated that early weight bearing did not increase initial shortening.
52

 In present 

series, 2 patients had shortening of less than 1cm, both were having severe comminution. Melcher et al 

(interlocking AO UTN nail) shortening of 0.5-1cm - 5 cases (25%). Shortening in different series of interlocking 

nail were mostly due to screw breakage incidence.
53

 One of our cases treated by nailing had varus angulation of 

10° which was AO type 42 C and was located near distal third of the leg. 

 

Results 

Results were excellent in 8 patients (40%), Good in 9 patients (45%), fair in 2 patients (10%) and poor 

in 1 patient (5%) of patients assessed by Johner & Wruh‟s criteria. Means 85% patients had good to excellent 

results with UTN. Final result showed comparable final results of various series of treatment of tibial fractures 

with UTN; conducted by Joshi et al
35

 85.8 good to excellent results, Madhurkar KT et al
50

 with 90% excellent 

results, Donimath et al
48

 19(86%) cases had excellent results, 3(12%) cases had good results, 2(8%) cases had 

fair result and 1 case a poor result and T Zaman et al51 47 (78.34%) patients had excellent, 7(11.66%) patients 

had good and 6 (10%) patients had poor results. 

 

VII. Summary And Conclusion 
The results of the study are summarized as follows: 

1. The average  age of the patients was 39.85 years. 

2.  Most Of them were males (75%). 

3. Mode of injury was road side accidents in 80% patients,  

4. On the basis of Gustilo & Anderson Classification, 10 patients were graded as Type I, t8 patients type II 

and 2 patients were graded type IIIA. 

5. 75% wounds,  healed with primary intention,  

6. 75% Of the fractures were united by 6 months,  

7. The average time of union was 23.31 weeks or 5.6 months. 

8. 08%  patients showed mal-union. 

9. 12%patients had infection as complication, 08% of them were superficial infection, 04% had deep 

infection. 

 

Thus, it can be concluded that the UTN as a treatment in open tibia fracture is a valuable tool & is always 

beneficial as it gives advantage:- 

1. High union rate. 

2. Fewer infections. 

3. Less intraoperative blood loss. 

4. less stripping of soft tissues. 

5. Easy wound management. 

6. Stable fixation. 

7. Less malunion and shortening. 
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