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ABSTRACT 

BACKGROUND 

Interlocking nailing is the standard accepted method of treatment for displaced shaft fractures in adult tibia. The fractures of Tibia 

shaft present differently depending upon the site, in their orientation, degree of comminution and whether it is compound or 

otherwise. There are various designs of tibia nails available to choose for the surgical treatment of tibia fractures. It is difficult to 

procure all of them in any given hospital. The Institute where the present study is conducted is equipped with two different types 

of Tibia nails. One among them is an Indian manufactured nail marketed by (PITKAR), which is a hollow nail. The other one is an 

American made solid nail called Surgical Implant Generation Network (SIGN) nail. Both are different in their designing and 

manufacturing techniques. Hence, a comparative clinical study using both these nails was attempted.  

Aim of the Study- To study and suggest as to which type of nail among the Hollow or Solid Tibia nails is suitable depending on the 

type of fracture in shaft of Tibia.  

 

MATERIALS AND METHODS 

72 adult patients with Tibia shaft fractures treated with Intramedullary Nailing (IMN) were divided into 2 groups. Group A patients 

treated SIGN Tibia solid IMA (41). Group B patients treated using (PITKAR) Indian Hollow IMN (31). Clinical data and final results 

were analysed to compare the efficacy of two types of commonly used IMN nails.  

 

RESULTS 

Out of 72 patients 56 were males and 16 females; 36 patients were aged 34 - 49 years (50%), 22 were 18 to 33 years (30.55%); 35 

were operated within 24 hours (48.61%), 16 within 72 hours (22.22%). Excellent results in 18 of the Group A (25%) and 15 of B 

(20.83%); 11 of the Group A (15.27%) were Good and 08 of the Group B (11.11%); 10 patients showed fair results in Group A 

(13.88%) and 06 of Group B (8.33%).  

 

CONCLUSION 

Intramedullary nailing for fractures of shaft of Tibia with Solid (SIGN) or Hollow (PITKAR) nailing gives unequivocal results with 

identical clinical parameters used pre-operatively and post-operatively. The complication rate is lower with both the methods. The 

Chi square statistic was 0.3646. The p-value was 0.9474. The result was not significant at p < 0.05. 
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BACKGROUND 

Intramedullary fixation has become the standard treatment 

of both femoral and tibia shaft fractures.(1) Intramedullary 

Nail (IMN) functions as an internal splint that allows 

secondary fracture healing. Solid nails come in various 

thicknesses and lengths and because it is solid and strong 

enough to afford slots rather than holes.(2) There is a 

proximal hole and a slot proximally, while there are two slots 

at the distal portion. There is a jig for both proximal and 

distal locking avoiding the necessity of C arm use.(2) There is a 

smooth 9 degree apex posterior Herzog bend proximally; 
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5 cm from the proximal and a 1.5 degree apex posterior bend 

at the distal end and orientation of distal locking slots are 

anteroposterior.(1,2) The axial and rotational stability of the 

conventional hollow interlocking nails depends primarily on 

the locking screws.(3) Hollow nails allow use of a guidewire, 

which can be passed through initially before passing the nail. 

This also comes in various lengths and thicknesses. The 

chances of deformation in the nail while introduction are 

more because of hollow nature, so distal locking has to be by 

freehand using C arm.(4) There is jig only for proximal locking 

available. There is a Herzog bend 6.5 cm from proximal end 

and is of 15 degrees and the rest of the nail is straight.(4) The 

orientation of distal locking holes is mediolateral in PITKAR 

nails. SIGN was established in 1999 as a humanitarian, non-

profit corporation to provide improved health care and 

appropriate orthopaedic treatment of fractures at little or no 

cost to people in need throughout the developing world.(5) 

Majority of these nails are inserted without reaming and the 

use of an image intensifier. In developed countries, in part 

because of easy access to intra-operative fluoroscopy, most 

commercially available tibial nails are hollow. These are 

cannulated systems that can be used for reamed and 
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unreamed techniques, enabling nail insertion over a 

guidewire.(6,7) Few studies have compared the biomechanical 

characteristics of solid and hollow nails.(8) More recent series 

have demonstrated union rates of 90% for tibia fractures 

treated with SIGN nails,(9,10) similar to union rates reported 

for reamed hollow nails.(11,12) However, despite its 

widespread use, there is no published data on the 

biomechanical properties of the SIGN nail. The present study 

is aimed to compare the usage of SIGN tibial nail and a 

standard hollow tibial IMN system. 

 

MATERIALS AND METHODS 

Study Design 

A Prospective Randomised controlled trial conducted over a 

period of 1 year. 

The present study was conducted in patients attending 

the trauma unit of tertiary teaching hospital attached to 

Kannur Medical College, Anjarakandy, Kannur. The study 

period was from Jan 2013 to Dec 2014. All the 72 adult 

patients with Tibia shaft fractures who are treated with 

intramedullary nailing were included in the study. Patients 

were divided into 2 groups by using randomisation method 

from online randomisation available at Statsdirect.com. 

Group A patients were treated using SIGN tibia solid 

intramedullary nails; 42 patients. Group B patients were 

treated by using (PITKAR) Indian Hollow intramedullary tibia 

nails; 30 patients. Ethical Committee cleared consent was 

taken from all the patients. The Institutional Ethical 

Committee clearance was obtained before starting the study.  

 

Inclusion Criteria 

1. Patients with fresh fractures, 2. Adult patients aged above 

18 and below 65 years, 3. Patients with simple fracture shaft 

of Tibia, 4. Patients with compound type of fractures I, II, IIIA 

as per Gustilo’s classification,(12) 4. Fractures at least 7 cm 

from the knee and ankle joints.  

 

Exclusion Criteria 

1. Patients aged below 18 years and above 65 years, 2. 

Revision cases of fracture tibia, 3. Pathological fractures, 4. 

Fractures in children, 5. Patients with associated head 

injuries, abdominal trauma or chest trauma. Pre-operatively, 

the length and width of the nail were calculated provisionally. 

Appropriate sized nail was assembled to the Distal Locking 

Target Device to adjust distal locking screws position for 

SIGN nails. The operative procedure consisted of the 

procedure undertaken under general or spinal anaesthesia; 

position of the patient was supine on regular operation table 

with knee flexed to 90⁰. Image intensifier to access the 

reduction, check position of guidewire and nail for locking 

were used. Insertion point aligned with medullary cavity 

made after giving midline incision at tibial plateau splitting 

patellar tendon. Fracture reduction was done and guidewire 

passed to distal fragment with the help of image intensifier 

for Hollow nails. Both the proximal and distal fragments were 

reamed. The nail was inserted through the entry portal over 

the guidewire in the medullary canal and position and length 

of nail was checked with image intensifier. Proximal locking 

was done with the help of insertion handle, while as distal 

locking was done with free hand technique. Post-operatively, 

Quadriceps exercises, knee bending exercises and ankle 

movements were started soon after the patient was 

comfortable and was progressed to partial weight bearing 

and full weight bearing according to the tolerance of the 

patient, fracture pattern, associated injuries and progress of 

healing of fracture. Full weight bearing was started when 

there was radiological and clinical evidence of healed 

fractures. Patients were followed every 4 weeks till a 

minimum period of 2 years.  

 

Evaluation of Results 

Excellent 

Normal function. No post-operative complication. No 

remaining symptoms.  

 

Good 

Sound bony union in normal position and alignment without 

shortening, minor post-operative complication, occasional 

discomfort during certain activities like squatting and some 

joint activities.  

 

Fair 

Prolonged discomfort, bony union in good position but with 

shortening of more than 2 cms, nail bending, angulations 

more than 10⁰.  

 

Poor 

Moderate loss of function, deep infection, shortening more 

than 2 cms, fracture of nail.  

 

Statistical Tools Used 

Data collected was analysed by quantitative discrete variable 

method. The end results were of both groups compared using 

Chi-Square Calculator 5 x 5 contingency table to calculate the 

p value (p taken as significant at 0.05). 

 

RESULTS  

72 adult patients attending the Department of Orthopaedics 

of a tertiary teaching hospital in north Kerala attached to 

Kannur Medical College were included in the present study. 

The study period was between Jan 2013 and Dec 2015. All the 

patients were involved in motor vehicle accidents. The age 

group of the patients in the study ranged from 18 years to 62 

with a mean age of 36.40 ± 5.20. Among the 72 patients, 56 

were males and the remaining 16 patients were females. 

Patients were divided into 2 groups by using randomisation 

method from online randomisation available at 

Statsdirect.com. Group A patients were treated using SIGN 

tibia solid intramedullary nails, 41 patients; Group B patients 

were treated by using (PITKAR) Indian Hollow 

intramedullary tibia nails, 31 patients; 36 patients belonged 

to the age group of 34 to 49 years (50%), 22 patients to the 

age group of 18 to 33 years (30.55%) and 14 belonged to the 

age group of 50 to 65 years (19.44%) (Table 1). Simple 

fractures of shaft of Tibia were found in 56 patients and 16 

patients presented with open fractures. Among the former 

group, 31 were in Group A and 25 in Group B. Among the 

Group A patients belonging to 18 - 33 were 12, belonging to 

34 to 49 years were 20 and 50 to 65 were 09. In Group B 

patients belonging to 18 to 33 were 10, belonging to 34 to 49 
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years were 16 and 50 to 65 were 5. Among the open fractures 

(16) patients belonging to 18 to 33 were 06, belonging to 34 

to 49 years were 04 and 50 to 65 were 04. Type I Gustilo’s 

fractures were found in 4/72 patients (5.55%); Group A-2 

(2.77%) and Group B-2 (2.77%), Type II in 08 patients 

(11.11%), Group A 5 (6.94%) and Group B 3 (4.16%); type 

III-A in 4 (5.55%); Group A-2 (2.77%) and Group B-2 (2.77%) 

patients (Table 1). 

 

Age Group - 
72 

Male 
56 

Female 
16 

Closed 
Fractures - 56 

Gustilo’s Classification for Open Fractures 

  Type I-04 Type II-08 Type III-A04 
A - 31 B - 25 A - 10 B - 06 A - 31 B - 25 A - 02 B - 02 A - 05 B - 03 A - 02 B - 02 

18-33 - 22 09 07 03 03 12 07 00 01 01 02 01 01 

34-49 - 36 15 13 05 03 11 11 01 00 02 00 00 01 

50-65 - 14 07 05 02 00 08 06 00 01 02 00 01 00 

Table 1. Showing the Age, Gender distribution in Closed and Open Type of Tibia Fractures (n = 72) 

 

Among the 72 patients, right side fracture was found in 39 (54.16%) patients and the remaining 33 (45.83%) on left side. 

Upper third fractures were found in 18 patients (25%), middle third fractures were found in 36 patients (50%) and the lower third 

fractures were found in 16 patients (22.22%), (Table 2). 

 

Observation- 
Gender 

Total- 72 Upper Third- 18 Middle Third- 36 Lower Third- 16 
A - 41 B - 31 A B A B A B 

Male- 56 30 26 08 06 16 14 06 06 
Female- 16 11 05 03 01 04 02 04 02 

Side         
Right- 39 21 18 07 04 11 10 03 06 
Left- 33 20 13 06 05 12 07 02 02 

Table 2. Showing the Incidence of Level of Fractures of Tibia in the Study Group (n = 72) 
 

Among the 72 patients 35 patients were operated within 24 hours (48.61%), 16 were operated within 72 hours (22.22%), 12 

were operated within 5 days (16.66%) and 9 were operated between 6 and 10 days (12.5%) (Table 3). 

 

Timing of Surgery Within 12 Hrs. Within 72 Hrs. 3 to 5 Days 6 - 10 Days 
 A B A B A B A B 

Male- 56  27  12  09  08 
Female- 16  08  04  03  01 

Table 3. Showing the Timing of Surgery (n = 72) 
 

Among the 72 patients early Superficial infection was noted in 5.55%, Deep infection in 4.16%, Delayed union in 1.38% of the 

patients (Table 4). 

 

Complications Number of Patients Percentage Percentage 
Group A B A B 

Early Superficial Infection 2 2 2.77 2.77 
Deep Infection 2 1 2.77 1.38 

Skin necrosis without infection 1 1 1.38 1.38 
Neurovascular injury 0 0 0 0 

Compartment syndrome 0 0 0 0 
Delayed union 0 1 0 1.38 

Table 4. Showing the Complications noted in the Study Groups (n = 72) 
 

Final results of Tibia intramedullary nailing using solid and hollow interlocking nails was assessed in both the groups and 

found to be Excellent in 18 of the Group A (25%) and 15 of the Group B (20.83%); 11 of the Group A (15.27%) were Good and 08 of 

the Group B were good (11.11%); 10 patients showed fair results in Group A (13.88%) and 06 of the Group B (8.33%). Poor results 

were observed in 2 patients of both the groups (2.77%) (Table 5). The overall success rate was 39/41 in Group A (95.12%) and 

29/31 (93.54%) in Group B. 

 

Final Result Group A- 41 Group B- 31 
Overall Success Rate 

P value 
Group A Group B 

Excellent 18 15 39/41 29/41 0.9474 
Good 11 08 95.12% 93.54%  
Fair 10 06 - -  
Poor 02 02 2/41 2/41  

Table 5. Showing the Final Results of the Study Groups A and B (n = 72) 
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Using Chi-Square Calculator 5 x 5 contingency table to 

calculate the p value; was calculated using the data of end 

results of both the groups in this study. The Chi square 

statistic was 0.3646. The p-value was 0.9474. The result was 

not significant at p < 0.05. 

 

 
 

Figure 1. Showing the Proximal Ends of  

SIGN Nail (Left Picture) and Indian Nail (Right) 

 

 
 

Figure 2. Showing the Distal Ends of  

Indian Nail (Left) and SIGN Nail (Right) 

 

 
 

Figure 3. Showing the i. Open Fracture Shaft Tibia Left Leg, 

ii. X-Ray Left Leg, iii. X-Ray Right Leg A-P View, iv. X-Ray 

Right Leg Lateral View, v. Post-Operative X-Ray Right Leg, 

vi. X-Ray Left Leg, vii. Clinical Picture Postoperative 

 

 
 

Figure 3ii 

 

 
 

Figure 3iii  

 

 
 

Figure 3iv  

 

 
 

Figure 3v 

 

 
 

Figure 3vi 

 

 
 

Figure 4i & ii. Showing the Open Tibial Shaft Fracture with 

Wound, iii. Pre-Operative X-Ray Right Tibia A.P and 

Lateral Views, iv. Post-Op X-Ray Leg. v. Post-Op Clinical 

Picture (SIGN Nail Used) 
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Figure 4ii & iii 

 

 
 

Figure 4iv 

 

 
 

Figure 4v 

 
 

Figure 5. Showing the i. Pre-Operative X-Ray Distal Fourth 

Fracture, ii, iii, iv, v & vi; SIGN Nail Used; Holes Close to the 

End of the Nail can be Noted. Alignment and Disimpaction 

of Fracture with IMN In Situ is Seen 
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Figure 5vi. Lower 4th Fracture 3 month Post-Operative 

 

 
 

Figure 5vii. Lower 4th Fracture 17 months Post-Operative 

 

DISCUSSION  

Fractures of Tibia are commonly encountered in Orthopaedic 

practice. The usual cause of fracture is direct impact during 

Motor Vehicle Accidents. Intramedullary nailing for the 

fixation of the diaphyseal fractures was introduced by G. 

Küntscher.(13) Across the world currently, IMN are being 

performed with good results. Closed IMN along with internal 

locking technique which is common now is desirable, which 

hastens biological osteosynthesis. There are proponents and 

opponents claiming the superiority of the reamed nail over 

the un-reamed technique. The present study was conducted 

on 72 patients and 53 patients were followed up for 2 years. 

Males (56) were more in number when compared to 

females(14) as reported in the world literature. Middle third 

shaft fractures of Tibia were observed in large number (36) 

when compared to upper(15) and lower end(14) fractures in 

this study. Brown et al(16) reported 98% success among the 

128 patients with Type I acute displaced open fractures with 

reamed nailing at an average of 17 weeks. In the present 

study, the overall success rates were 95.12% in Group A and 

93.54% in Group B. Using Chi-Square Calculator 5 x 5 

contingency table to calculate the p value; was calculated 

using the data of end results of both the groups in this study. 

The Chi square statistic was 0.3646. The p-value was 0.9474. 

The result was not significant at p < 0.05. The incidence of 

deep infection was 17.8%, and the malunion rate was 2.4%. 

Due to excellent results with un-reamed nailing with the solid 

tibial nail in fracture tibia led to its use as the primary 

method of treatment in fractures with soft tissue injury.(14) 

The unreamed intramedullary nailing provides a safe and 

effective tibial stabilisation in the acute multi-trauma 

patients.(17) IMN without reaming is less damaging to 

endosteal blood supply than nailing with reaming. In open 

fractures, this factor has a special importance in the 

treatment where outer cortical blood supply may be damaged 

by periosteal stripping. Reaming also produces large amount 

of reamed bone, which acts as a devitalised bone or 

microseqestra and carries an increased risk of infection. 

Reaming also leads to necrosis and increases chances of fat 

embolism. These adverse effects are avoided in an unreamed 

nailing.(15) In a multi-centre study comparing the results of 

using compression plating, intramedullary nailing and 

external fixators in the management of segmental fractures in 

UK, it was observed that IMN had the benefit of soft tissue 

protection, load-sharing capacity of the implant, closed 

method application and preservation of extramedullary blood 

supply.(18,19,20) Another major advantage of interlocked IMN is 

incidence of limb shortening is less and rotational alignment 

is maintained.(21) To get these results in this study in 4 of 

patient’s fractures were statistically locked with 3 to 4 

interlocking screws. Delayed union and non-union are 

commonly known complications of segmental open 

fractures.(22) In the present study, only one patient had non-

union involving the middle and distal fragments of compound 

fracture with multiple fragments, whereas the middle and the 

proximal segment united within 4 months. This was managed 

by exchange nailing with cancellous bone grafting followed 

by dynamisation. The other complications such as superficial 

infections, necrosis without infection subsided with change of 

antibiotics within few days. Radiation exposure is less with 

SIGN nail, because both proximal and distal locking can be 

done using Jig without the need of C arm. In the case of 

Hollow nail, distal locking has to be done with C arm (Free 

hand technique). This is because Solid nail does not deform 

while insertion and so Jig can be used. In upper third 

fractures of Tibia, SIGN nail is preferable because the Herzog 

bend is gradual and of less degree (9⁰) (Fig. 1) and is situated 

more proximally (5 cm from the proximal end), whereas 

Indian nail has acute Herzog bend of 15⁰ (Fig. 1) and is 

situated 6.5 cm below the proximal end. In lower third 

fractures of Tibia SIGN is definitely better, because its distal 

locking slots are close to the end of the nail, just 1 cm from 

distal end. SIGN nail can even be used in lower 4th fractures of 

Tibia as shown in patients in this study. Orientation of distal 

locking holes is anteroposterior in Indian PITKAR nail, so it is 

suitable in fractures with anterior and posterior fragments. 

SIGN nail is having mediolateral locking slots distally suitable 

for fractures causing medial and lateral fragments. Because 

SIGN nail has slots on either ends, there is no need of 

Dynamisation. The original fixation is in the dynamic mode. 

In compound fractures, SIGN nail is safer because of its solid 

nature, even if some infection happens; it cannot spread 

along the nail as can happen in hollow nail. So primary nailing 

can be done in more severe compound fractures like Grade 3 

fractures if patient present to the hospital early (Fig. 3). This 

is evident from the examples of cases presented. In cases of 

Segmental fractures, hollow nail is preferred because of the 

technical advantage with it. Once the guidewire is passed, nail 

can be inserted easily in hollow nail. With the Solid nail, 

manoeuvring the nail at the two fracture sites in the tibia can 

be time consuming. 

 

CONCLUSION 

Intramedullary nailing for open fractures of shaft of Tibia 

with Solid (SIGN) or Hollow (PITKAR) nailing gives 

unequivocal results with identical clinical parameters used 

pre-operatively and post-operatively. The complication rate 

is lower with both the methods. It is advantageous to have 

interlocking nails of different designs in our armamentarium 

to use in different cases of shaft fractures of Tibia, since each 

shaft fracture is unique in its site and characteristics. 
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