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INTRODUCTION

Intramedullary nailing is the standard treatment method 
for closed and most of  the open fractures of  the 
long-bone diaphysis.[1,2] Targeting the distal holes of  the 

intrameduallry (IM) nail for insertion of  distal interlocking 
screws remain a challenge for the orthopedic surgeons. 
Proximally based distal targeting devices have not proved 
useful till date due to the deformation of  the nail inside 
the medullary canal;[3] hence a free hand technique for 
insertion	of 	distal	interlocking	screws	under	fluoroscopic	
guidance remains the most popular method. This process 
is	 technically	 demanding,	 time	 consuming,	 and	 afflicted	
to considerable radiation exposure of  the patient and the 
surgical personnel.[4-10] Radiation induced cancer is a growing 
problem among orthopedic surgeons, associated with a 
relative risk for cancer of  5.37 with respect to the general 
population;[11] malignancies of  exposed personnel range 
from cancers of  solid organs (i.e., thyroid and pancreas), 
to skin and hematopoietic cancers.[12] In female orthopedic 
surgeons the standardized prevalence ratio for all cancers is 
1.9	and	2.88	specifically	for	breast	cancer	when	compared	
to the general population. According to Sanders et al.[5]  
who put dosimeter rings on the surgeon’s hand for all 
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orthopedic fluoroscopy cases, there is increased risk 
of  positive reading with increased fluoroscopy time. 
The risk increased further during intramedullary nailing 
procedures. Gugala et al.	reported	a	fluoroscopy	time	of 	
36 seconds for placement of  two screws in the tibia,[13] 
whereas Suhm et al.	 stated	 intense	 use	 of 	 fluoroscopy	
during freehand locking of  108 seconds per screw.[14]  
Factors such as experience level of  the operator or 
experimental/clinical setup might contribute to this 
scattering. In the investigation of  Kirousis et al.[15] a 
complete tibia nailing procedure required 72 seconds of  
radiation and resulted in an effective dose of  0.04 mSv 
for the operating surgeon and 0.11 mSv for the C-arm 
technician.
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A number of  techniques and systems have recently been 
developed to minimize the exposure of  the radiation to 
the surgeons and the accompanying staff.[1,3,16-19] Penning 
et al. have reported 100% accuracy for the placement of  
distal interlocking screws using Orthofix femoral and 
tibial intramedullary rods equipped with distal targeting 
devices.[20] All these techniques are either not available in 
developing countries or are still in their developmental stages. 
Secondly, insertion of  distal interlocking screws requires an 
image	 intensifier	 and	 an	 experienced	 radiographer	which	
sometimes are not available in developing and poor countries.

There is no study till date that describes the techniques 
of  insertion of  distal interlocking screws without the use 
of 	image	intensifier	or	the	X‑rays.	We	hypothesized	that	
our described technique in this article is a valid method of  
radiation-free insertion of  distal interlocking screw in tibial 
and femoral nailing. The surgical technique, tips and pearls, 
and treatment outcome of  a group of  patients treated with 
IM	nail	without	the	help	of 	image	intensifier	over	a	period	
of  1 year are described.

SURGICAL TECHNIQUE

This technique in our setup had come more out of  
compulsion than anything else, due to lack of  good 
intraoperative imaging modalities in the past. The 
method of  inserting interlocking nails remains standard. 
After insertion to the fractured bone, a same length nail 
is juxtaposed over the limb and held in position with 
two long drill bits introduced through the proximal zig 
[as shown in the Figures 1–3]. After aligning the outer 
nail with the proximal zig, a 5–6 cm long incision is given 
centering over the estimated site of  the distal locking 
screws, the underlying long bone cortex is hence exposed 
[Figure 4a]. Now, through the distal most hole of  the 
outer nail, the near cortex is drilled with a 3.2 mm drill 
bit. Using a corresponding bone awl, the hole is slightly 
enlarged [Figure 4b]. The intramedullary blood is then 
suctioned off  from the hole with a Ryles tube (no. 12, 14) 
attached to a suction tube [Figure 5a]. Following this, the 
intramedullary nail and the distal hole could be clearly 
visualized [Figure 5b]. Once visualized, the tip of  the awl is 
inserted into the hole and it is rotated perpendicular to the 
nail; this creates the entry point for the subsequent drill bit. 
A corresponding drill bit is then inserted through this hole 
and the opposite cortex drilled. The length of  the screw is 
hence determined. Now, a free drill bit is passed through 
the	distal	 locking	holes	of 	both	 the	nails,	 this	fixes	 the	
outer nail at three points [Figure 6]. With this alignment, 
the antecedent distal locking hole is usually a simple “drill 
and go.” But, if  doubt exists, a similar procedure could 

be applied for this hole as well. Since the hole in the near 
cortex is slightly enlarged, a washer is usually used to secure 
the locking screw heads [Figures 7-9].

In summary, the key to our technique is the direct 
visualization of  the distal locking holes combined with the 
use	of 	corresponding	bone	awl	and	three	point	fixation	of 	
a juxtaposed outer nail.

MATERIALS AND METHODS

Eighty-six cases of  femoral and tibial shaft fractures were 
operated in our institute over a period of  1 year (January 
2010–2011). Out of  them, 73 were males and 13 were 
females. Of  these, 39 had femoral shaft fractures and 47 had 
tibial shaft fractures. There were 41 open fractures (Gustilo 
Anderson grade 1–3B) and 45 closed fractures. Average age 
of  the patients was 35.4 years (range 14–76 years). In all 
these cases, both of  the distal screws were inserted without 
the	use	of 	image	intensifier.	Average	time	taken	for	inserting	
the distal screws was 11 minutes (range 5–18 minutes). 
More than two attempts of  drilling near cortex were made 
in two cases. We resorted to placing bone grafts in addition 
to washers in these cases. All our patients were treated with 
the	Simplified	Universal	Nails	(SUN)	supplied	by	the	A.O.	
group. Interlocking was done in the lateral position in all 
cases of  fracture femur and in supine position in fracture 
tibia. All the patients were mobilized immediately after 
surgery with partial weight bearing. Isometric quadriceps 
exercises	and	knee	flexion	were	encouraged	as	tolerated	by	
the patient. They were followed up after 3 weeks, 6 weeks, 
3 months, and 6 months of  surgery.

RESULTS

In the postoperative period, three patients had infection 
that needed debridement and antibiotic therapy. At the 
end of  6 months, radiographic union was observed in 36 
of  39 femur fractures and 45 of  47 tibial fractures. The 
five	patients	with	nonunion	had	open	fracture.	None	of 	
the patients complained of  pain or tenderness at the distal 
screw sites. No clinical or radiological evidences of  screw or 
nail breakage or fracture were noticed at the distal screw site.

DISCUSSION

When a nail is inserted into a long bone, it is likely to 
bend according to the curvature of  the intramedullary 
canal.[3] Exact orientation of  the distal interlocking holes 
is,	hence,	difficult	to	predict.	Usually	surgeons	use	repeated	
fluoroscopy	 to	 insert	 the	 screws	 in	 a	 freehand	manner.	
In many centers of  developing and poor countries, 
image	intensifier	facility	 is	not	available;	hence	surgeons	
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adopt various indigenous techniques for distal screw 
insertion.

Our technique is especially suited for institutions where 
either	 image	 intensifier	 or	 expert	 radiographer	 is	 not	

Figure 3: Antero-posterior play while keeping nail over nail

Figure 8: Postoperative radiograph of patient

Figure 7: Technique of inserting antecedent distal locking screws

Figure 4: (a) Incision given for tibial interlocking; (b) Enlargement of 
the near cortex using bone awl

ba

Figure 6: (a) The distal hole in the intramedullary nail seen through 
bone; (b) Insertion of distal interlocking screw with washer

ba

Figure 9: (a) Wound site; (b) Postoperative photograph of fracture 
femur patient

ba

Figure 5: (a) Using Ryle’s tube to suction intramedullary blood; 
(b) Enlarged distal tibial intramedullary nail hole

ba

Figure 1: Instruments needed for interlocking

Figure 2: (a) Picture depicting outer nail in juxtaposition (nail on nail); 
(b) Illustration showing the “nail on nail” technique with three point 
fixation

ba
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available in the operation theatre. This technique is 
different from the “nail on nail” technique described 
by Rohilla et al.,[3] because it does not involve the use of  
“sounding technique,” rather it aims at direct visualization 
of  the locking hole, drilling under vision and the use of  
corresponding bone awl. The major advantage of  our 
technique is that since everything is being done under 
direct vision, the chance of  misplaced screws is less and 
the operating time is less. Again under direct vision, the 
chance of  slippage of  the drill bit on the bone is less.

Tanna et al.[1] also described similar technique using K‑wires 
which is image intensifier independent. However, it still 
depends on single radiographic imaging for estimating 
the location of  the distal hole. In our technique, image 
intensifier or X‑rays are very rarely used intraoperatively. 
While the success of  their technique relies on interpretation 
of  X‑rays, our method relies on appropriate alignment of  
the outer nail and adequate widening of  the near cortex 
so that the distal holes could be visualized.

There are few potential drawbacks of  the proposed technique. 
The length of  incision for interlocking distal screws is larger 
than that those given during the free hand technique (about 
5–6 cm compared to 1–2 cm). We have not compared it 
with any other method of  interlocking; hence claims of  
superiority are at present largely anecdotal. Further studies 
are needed to evaluate the effect of  widening of  the near 
cortex on fracture healing. So far, we have not encountered 
any fracture through distal screws with our technique. A big 
hole around distal screw may act as stress riser. The potential 
complications of  iatrogenic fracture, delayed union or 
nonunion cannot be avoided with our proposed technique. 
Definitely this technique cannot be employed in situations 
where bone quality is poor or in osteoporotic individuals. 
A snugly fit screw provides better biomechanical strength 
and hence one may argue about the stability of  the fixation 
with the described technique. Use of  washer beneath the 
screw in larger hole may increase the stability. The cause of  
nonunion in five cases is difficult to explain in the present 
series. All patients with nonunion had open fracture which 
is an important cause for nonunion. Thus, it is difficult to 
explain whether the nonunion is because of  open nature of  
injury or because of  biomechanical disadvantage of  distal 
screw interlocking in a wide hole.

Other than the risk of  radiation exposure, distal screw 
insertion under fluoroscopy is definitely ideal and should 
be performed where the facility is available. Our described 
technique is particularly useful in situations where image 
intensifier or trained radiographers are not available. It is 
hence more suitable for rural hospitals and third world 
countries or in situations where image intensifier have 

failed technically. It does not need any special equipment 
and learning curve is also not very steep.
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