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Abstract

Introduction: The success of interlocking nail is due to
proximal and distal locking, giving stability to nail. For proximal
locking authors have inbuilt aiming system in jig, but distal
locking is done free hand. Free hand method is associated with
radiation exposure and time taking. In this study authors
emphasized the importance of mechanical aiming system for
distal locking.

Objective: The study is a comparative study between, distal
locking by free hand method and distal locking by proximally
mounted mechanical distal aiming device (DAD) with respect to
radiation exposure and time taken.

Methods: It was a prospective study conducted over a period of
one and a half years. Cases under study were patient with mid-
shaft femur fracture (type3za simple). Comparison was done for
c-arm shots and time required for distal locking.
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Results: A total of 140 patients were assessed. There were 70 patients in free hand group and 52 patients in

DAD group. There was dramatic decrease in radiation exposure (free hand group-13.5 c-arm shots, DAD

group-2 c-arm shots) and time required (free hand group-22.4 min(mean), DAD group-7.8 min (mean)) for

distal locking. There was also decrease in drill bit/nail graze in DAD group.

Conclusion: Distal locking by free hand method is time taking and associated with radiation exposure. There

is a learning curve for distal locking in free hand technique. But distal locking by DAD is user friendly just

like proximal locking with decrease in locking time and radiation exposure.
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Abbreviation: DAD-Distal Aiming Device.
Introduction

A major breakthrough in operative
orthopedics, has been the introduction of
intra-medullary nail for fracture shaft femur.
With the first design as K-nail, now a days
interlocking nail is in vogue. Interlocking nail
has advantage of proximal and distal locking.
Distal locking is most commonly done free
hand, under ¢ arm guidance. To achieve
accurate distal locking in the shortest amount
of time and radiation exposure, both the
surgeon and the radiographer must have prior
experience. Numerous techniques and
devices have been proposed in this regard.
These include hand-held guides [1-3] image
intensifier-based devices [4] and nail-based
guides [5,6].

Computer-assisted methods are under
research [7,8]. Each technique has its own
advantages and disadvantages, but free hand
technique is most common used for distal
locking [5,9]. However, anyone within range
of six feet of the fluoroscopy beam gets
exposed to substantial radiation, particularly
to thyroid, bones of hands, and other exposed
body parts [10]. So, radiation exposure should
be minimized [11].

Recently for distal locking, proximally
mounted distal aiming devices (DAD) have
received greater interest. These devices failed
initially, because a simple aiming arm
couldn’t compensate for the implant
deformation, due to insertion-related
bending and rotational forces [12].

Recently, DAD with improved design has
been developed. It is based on an aiming

devise that is readjusted to the deformed nail.
It works through a distal working channel
[13]. However, the benefits of such a system
have not been established. The purpose of
this study was to compare prospectively the
time required and amount of radiation
exposure in distal locking by a radiation-
independent distal aiming device (DAD) with
those using the free-hand technique.

Material and method

A prospective study was conducted from
January 2021 to April 2022 at Hi-tech medical
college and hospital after approval of ethical
committee. Total 140 patients were under
study between age group 20-60 years, having
isolated fracture mid shaft femur according to
AO classification 32A simple. All patients
were first stabilized using trauma protocol
and were posted for surgery after PAC
clearance.

All patients were randomly assigned into 2
groups of 70 patients each. In group A, distal
locking was done using free hand technique.
In group B distal locking was done using
DAD. Operations were performed under
image intensifier, with patient in lateral
decubitus with the fractured leg uppermost.
Nailing was performed as per the standard
procedure [14] except the distal interlocking.

Distal locking in group B: Standard method of
nailing [14] was used except for the distal
locking. Medullary canal was over reamed by
1.5 mm, to avoid nail deformation during
insertion. On OT table the nail system was
assembled with DAD (Figure 1a,b) before
insertion of nail into femoral canal. With
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trocar and canula authors checked whether
the drill bit was transversing the channel for
distal screws in femur nail (Figure 1c). Then
the DAD was removed from the nailing
system. After nail insertion, at time of distal
locking, DAD was attached. Authors first
performed the lower distal locking then the
upper distal locking. Using trocar and canula,
entry point was marked (Figure 2). After
incision, using trocar and canula, drilling was
done. To check whether the drill bit was
inside the nail, authors used two methods.

1.

Length of guide wire (same guide wire
which authors use during reaming
and nail insertion) inside the nail
before and after entry of drill bit
(Figureib, 1c). If drill bit transverses
the channel of distal lock, the effective
length of guide wire inside the femur
nail decreased.

A metallic sound was felt when the
guide wire hit the drill bit.

Figure 1a: It shows instrument required for distal locking by DAD.
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Figure 1b: It shows length of guide wire inside the nail when drill bit not in used. Artery clamp

is used as marker for length of guide wire inside/outside the nail.

Figure 1c: It shows with drill bit inside the nail the effective length of guide wire inside nail

decreased. It is reflected by distant position of artery clamp from nail zig.

Figure 2: DAD in use intra-operative.

Many times, the drill bit used to hit the nail
with no more forward movement or was
outside the nail. Then authors used to
manipulate trocar axially and rationally and
check the status.

Even after 3-4 manipulation, if the drill bit
was outside the nail or continued to hit the
nail, authors abandoned distal locking by

DAD and carried out distal locking by free
hand method. These patients were excluded
from the DAD group during tabulation of
data. Proximal locking is performed using a
proximal interlocking guide.

Both groups were compared, with regards to
distal locking on following parameters:
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1. Total time taken for insertion of distal
screw.

2. Number of c-arm shoots required
during distal locking.

3. The precision of passing of drill bit
through the distal interlocking
channel in the nail i.e., drill bit- nail
contact. It was felt by surgeon.

Authors categorized it into 2 groups:

1. None or mild graze
2. Significant graze

Statistical analysis

Data were analyzed by chi-square test with
Yates’ correction and Student’s t test. For all
tests, the probability of less than o0.05 was
considered significant.

Result

There was a total of 140 patients having
midshaft fracture (AO/OTA Classification-
32A-Simple). Patients were randomly divided
into 2 equal groups based on method of distal
locking. In group A (free hand technique)
there were total 70 patients, 40 male and 30
female with average age 36.5 years. In group B
(DAD) there were a total of 52 patients
(because of exclusion of 18 failed cases) (Table
1). There were 34 males and 18 female
patients, with average age 34.5 years. With
regards to age, sex and fracture pattern, there
was no statistically significant difference
between two groups.

S ful Total
Distal Locking by DAD uecessiu Failed cases ota
cases
Lower transverse screw 52(74%) 18(26%) 70
Upper transverse screw 53(75.7%) 17(24.3%) 70

Table-1: It shows success rate of DAD for distal locking both upper and lower distal screw.

There was statistically significant difference,
between two groups, in regard to number of
c-arm shots taken, for distal locking (p<o0.05)
(Table 2). In DAD group, position of drill bit
and screw, inside the nail was confirmed by
guide wire. Length of the distal screw was
assessed by depth gauge.

So, authors required only 2 c-arm shots (one
AP and one lateral view) just to confirm the
position and length of the distal screw
radiologically. But in free hand method,
except for screw length assessment, all steps

have to be confirmed under c-arm, thereby
increasing c-arm shots required. The average
number of images taken to achieve distal
locking with the free hand technique in study
was in the range (11.5-43.7) as reported in the
literature [3,5,15]. There was statistically
significant difference in total time required
for distal locking (p<o.05) (Table 2). In DAD
group, in those cases where there was no drill
bit -nail graze, average total time for distal
locking was 6-8 minutes (average 6.8
minutes). But in those patients where there
was drill bit nail graze (Table 3), to minimize
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screw thread wear, authors manipulated the
drill bit, thereby increasing the time required.
Generally, the extra time required was 2-5
minutes (mean value 3.5 minutes). So, the
average time for distal locking was 7.8min.

The average total time required for the free
hand method was 20-24 minutes. It was
comparable to the total time taken for distal
locking, by free hand method, as shown in
other studies [16].

Distal locking

Dad Free hand

Number of c-arm shots (KV-52, MA-02.0)

2 Mean-13.5 SD-12.84

Time taken (min)

Mean=7.8 SD=2.01

Mean=22.48 SD=7.62

Table 2: It shows number of c-arm shots and time required for distal locking in both groups.

Distal locking NO. or n.nld drill Apl‘)l‘eCIflble drill Total cases
bit-nail graze bit-nail graze
Free hand method 42(60%) 28(40%) 70
DAD 36(69.2%) 16(30.8%) 52

Table 3: It shows drill bit-nail graze in both groups.

There was more drill bit-nail graze in free
hand method as compared to DAD (Table 3).
Though it was an experience, but authors
were not able to quantify this. Till date
authors have not carried out implant removal
in the study group, so authors are not able to
document screw wear.

In the DAD group technique failure was more
with lower transverse screw. Authors
attributed it, due to design problem of DAD
(Table 1). There was clinical union in all case.
There was no post operative infection, or
implant failure. There was no mortality.

Discussion

Radiation exposure has no threshold value,
below which it has no harmful effects [7,17].
Long-term effects of radiation exposure are

unknown [18]. So, authors should try to
minimize radiation exposure [17]. Authors
choose free hand technique for comparison
because it is radiation dependent and most
commonly used by surgeons for distal

locking [9].

As with other radiation independent aiming
systems, the device used in this study is newer
version of distal interlocking devices.
Previously, proximally mounted aiming arms
have failed [19] because, insertion-related nail
deformation [12] was not considered during
devise design. The device used in this study,
is designed with nail deformation in
consideration.

The data of nail deformation was based on the
results of an experimental study which
showed that the insertion-related nail

Saket R | Volume 1; Issue 2 (2023) | Mapsci-JOCR-1(2)-o010 | Research Article
Citation: Saket R, Naik AK, Mishra PP, Pratap R, Sahoo M. Mechanical aiming device for Distal Locking in femur nail-an undeveloped

part of femur nail system. J Orth Clin Res. 2023;1(2):78-86.
DOI: https://doi.org/10.37191/Mapsci-JOCR-1(2)-010



https://doi.org/10.37191/Mapsci-JOCR-1(2)-010

translations was seen in both medio-lateral
and antero-posterior directions, which
required the aiming arm to compensate by at
least 1.5 cm [20]. To accomplish this necessary
fine tuning, the system uses a distal working
channel [21].

The average number of images taken to
achieve distal locking with the free hand
technique in series was within the range (11.5-
43.7) as reported in the literature [3,5,15]. But
while using DAD only 2 images where
required, just to confirm the position of screw
in AP and Lateral view. DAD is radio-opaque,
so c-arm use was not possible, while using it.
To confirm position of drill bit and distal
screw, authors used guide wire, which was
radiation independent and easy to use.
Decrease in radiation exposure during
locking is statistically significant (P<o.05).
Though radiation exposure has been
discussed time and again, but main academic
books and sites like master’s technique [22]
and AO method [23] all use radiation
dependent method. It is surprising, that
though research is being done on improving
nail design, with first generation of k-nail,
then came piriformis fossa entry interlocking
nail and now there is SFN. But no research is
being conducted for improvement in DAD
design or other radiation free distal locking
method.

Time required for distal locking by DAD was
less compared to free hand
technique(p<o.05), reason being that DAD
was very easy to assemble proximally, for
confirming position of drill bit and screw,
guide wire was used, so time was saved. In
free hand method first additional time and
radiation is required to achieve perfect

circular image of locking channel in C-arm.
Position of k-wire, drill bit and locking screw
in locking channel, is confirmed by C-arm.
After positioning of k-wire/drill bit or screw
into locking channel c-arm has to be taken
out of operative field so as to use drill bit and
screwdriver. Every time authors require C-
arm exposure, during different steps of distal
locking, it takes additional time, to bring and
position C-arm into operative field.

Learning curve of distal locking by DAD is
very easy as compared to free hand technique.
In this technique there are basically two steps.
To assemble DAD proximally and to use guide
wire to confirm position of drill bit and distal
screw. Since drilling is done using trocar and
canula, the initial steps of free hand technique
like skin marking under C-arm and using k-
wire/steinman pin for making bony channel
is not required. So, this technique is same as
proximal locking, except for accuracy. In free
hand technique, there is learning curve in
achieving correct picture of distal locking
hole radiologically and manipulation of k-
wire/steinman pin through distal locking
hole. DAD used in the procedure can be
reused after autoclaving. So, this is a very
cost-effective procedure. Cost effectiveness
has huge significance in authors country. One
of the barriers for use of recent method like
image intensifier mounted device has been
cost considerations. New instrument was
required for every procedure, increasing cost
of surgery.

But there are few lacunas in the study. It was
not multi-centric. Multi-centric study will
give better feedback about surgeon
experience, regarding ease of doing distal
locking with DAD, learning curve, amount of
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over reaming done and also the success rate
of distal locking by this method. This will help
in getting more data and improving DAD
design. Since this technique has failure rate
(27%), so the surgeon should be well versed in
free hand technique also. If authors compare
with other studies like kretek, et al., [6] The
failure rate was more. But their study was
cadaveric study. Through the study authors
want to emphasize the decrease in distal
locking time and radiation required for it,
through use of DAD. Author have previously
also emphasized that though AO has brought
changes in nail design and bolt design, but
method of distal locking has remained the
same i.e., under C-arm guidance [23]. In view
of failure associated with DAD, authors
advocate that first DAD should be used, if
failed then free hand method should be used.
The canal has to be reamed 1.5 mm more than
the diameter of the nail, to prevent
deformation of the nail. Over-reaming is the
key to success of this technique.

Conclusion

From the study authors can conclude that
DAD  significantly decreases time and
radiation exposure. But the design of DAD in
present time, is not foolproof. So, the surgeon
should also know free hand technique. In
authors opinion, distal locking should first be
tried by DAD, if not successful then by free
hand technique. This study should also be a
message for AO and other research body
regarding necessity for research into method

References

of easy distal locking. Though nail design has
evolved, but even with more understanding of
nail bending inside the nail, authors are not
able to reap benefit.

Acknowledgement

First, I would like to thank my senior
colleague and co-author Dr. AK Naik for his
pain staking effort in completion of study. I
am highly greatful to Dr Rakesh Panigrahi,
trustee Hi-Tech hospital and Mr. Sushant
Acharya, CEO Hi -Tech medical college, for
giving administrative support. I am also
thankful to Mrs. Archana Thakur for proof
reading.

Declaration

Conflict of Interest

No.

Funding

Not received.

Ethical approval

Taken from college ethical committee.
Informed consent

Taken from patient.

Competing interest

All authors have declared that no competing
interests exist.

1. Owen TD, Coorsh J. Insertion of the Distal Locking Screws in Femoral Nailing: A Simplified Technique. Injury.

1993;24(2):101-3. PubMed | CrossRef

Saket R | Volume 1; Issue 2 (2023) | Mapsci-JOCR-1(2)-o010 | Research Article
Citation: Saket R, Naik AK, Mishra PP, Pratap R, Sahoo M. Mechanical aiming device for Distal Locking in femur nail-an undeveloped

part of femur nail system. J Orth Clin Res. 2023;1(2):78-86.
DOI: https://doi.org/10.37191/Mapsci-JOCR-1(2)-010



https://doi.org/10.37191/Mapsci-JOCR-1(2)-010
https://pubmed.ncbi.nlm.nih.gov/8505113/
https://doi.org/10.1016/0020-1383(93)90198-f

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Rao JP, Allegra MP, Benevenia JO, Dauhajre TA. Distal Screw Targeting of Interlocking Nails. Clin Orthop Relat
Res. 1989;(238):245-8. PubMed

Yiannakopoulos CK, Kanellopoulos AD, Apostolou C, Antonogiannakis E, Korres DS. Distal Intramedullary Nail
Interlocking: The Flag and Grid Technique. ] Orthop Trauma. 2005;19(6):410-4. PubMed | CrossRef

Goodall JD. An Image Intensifier Laser Guidance System for the Distal Locking of an Intramedullary Nail. Injury.
1991;22(4):339. PubMed | CrossRef

Pardiwala D, Prabhu V, Dudhniwala G, Katre R. The AO Distal Locking Aiming Device: An Evaluation of Efficacy
and Learning Curve. Injury. 2001;32(9):713-8. PubMed | CrossRef

Steriopoulos KA, Kontakis GM, Katonis PG, Galanakis IA, Dretakis EK. Placement of the Distal Locking Screws
of the Femoral Intramedullary Nail Without Radiation. Arch Orthop Trauma Surg. 1996;15(1):43-4. PubMed |

CrossRef

Suhm N, Messmer P, Zuna I, Jacob LA, Regazzoni P. Fluoroscopic Guidance Versus Surgical Navigation for Distal
Locking of Intramedullary Implants: A Prospective, Controlled Clinical Study. Injury. 2004;35(6):567-74.
PubMed | CrossRef

Zheng G, Zhang X, Haschtmann D, Gédet P, Langlotz F, Nolte LP. Accurate And Reliable Pose Recovery of Distal
Locking Holes in Computer-Assisted Intra-Medullary Nailing of Femoral Shaft Fractures: A Preliminary Study.

Comput Aided Surg. 2007;12(3):138-51. PubMed | CrossRef
Whatling GM, Nokes LD. Literature Review of Current Techniques for the Insertion of Distal Screws into
Intramedullary Locking Nails. Injury. 2006;37(2):109-19. PubMed | CrossRef

Mehlman CT, DiPasquale TG. Radiation Exposure to the Orthopaedic Surgical Team During Fluoroscopy: "How
Far Away Is Far Enough?”. ] Orthop Trauma. 1997;11(6):392-8. PubMed | CrossRef

Krettek C, Kénemann B, Miclau T, Kélbli R, Machreich T, Tscherne H. A mechanical distal aiming device for
distal locking in femoral nails. Clin Orthop Relat Res. 1999;(364):267-75. PubMed | CrossRef

Krettek C, Mannss J, Konemann B, Miclau T, Schandelmaier P, Tscherne H. The Deformation of Small Diameter
Solid Tibial Nails with Unreamed Intramedullary Insertion. ] Biomech. 1997;30(4):391-4. PubMed | CrossRef

Krettek C, Schandelmaier P, Rudolf J, Konemann B, Tscherne H. Osteosynthesen Bei Offenen Frakturen:
Alternative Techniken in Hannover. Langenbecks Arch Chir u2(Suppl II). 1995(2):1208-21.

Whittle AP, Wood GW. II Fractures of Lower Extremity. Campbell’s Operative Orthopedics. Mosby
Philadelphia. 2003;2725-872.

Tyropoulos S, Garnavos C. A New Distal Targeting Device For Closed Interlocking Nailing. Injury. 2001;32(9):732-
5.

Rohilla R, Singh R, Magu N, Devgun A, Siwach R, Gulia A. Nail Over Nail Technique for Distal Locking of
Femoral Intramedullary Nails. Int Orthop. 2009;33(4):1107-12. PubMed | CrossRef

Miiller LP, Suffner J, Wenda K, Mohr W, Rommens PM. Radiation Exposure to the Hands and the Thyroid of
the Surgeon During Intramedullary Nailing. Injury. 1998;29(6):461-8. PubMed | CrossRef

Levin PE, Schoen Jr RW, Browner BD. Radiation Exposure to the Surgeon During Closed Interlocking
Intramedullary Nailing. ] Bone Joint Surg Am. 1987;69(5):761-6. PubMed

Soyka P, Bussard C. Interlocking Intramedullary Nailing. A Solid Aiming Device for Distal Locking. Helv Chir
Acta. 1990;57(1):117-20. PubMed

Krettek C, Mann{$ J, Miclau T, Schandelmaier P, Linnemann I, Tscherne H. Deformation of Femoral Nails with
Intramedullary Insertion. ] Orthop Res. 1998;16(5):572-5. PubMed | CrossRef

Krettek C, Konemann B, Miclau T, K6lbli R, Machreich T, Kromm A, et al. A New Mechanical Aiming Device for
the Placement of Distal Interlocking Screws in Femoral Nails. Arch Orthop Trauma Surg. 1998;117(3):147-52.
PubMed | CrossRef

Christopher GF, Rafael N, Frederick T. Femur Fractures-Antegrade Intramedullary Nailing. Master Technique
in Orthopaedic Surgery Fractures Philadelphia Lippincott. 2013;393-410.

Peter V Giannoudis, Hans Christoph Pape, Michael Schiitz. Antegrade Nailing Simple Oblique Middle 1/3
Fractures. Femoral-Shaft Simple Oblique Middle 1-3-Fractures/Antegrade-Nailing. 2022.

Saket R | Volume 1; Issue 2 (2023) | Mapsci-JOCR-1(2)-o010 | Research Article

Citation: Saket R, Naik AK, Mishra PP, Pratap R, Sahoo M. Mechanical aiming device for Distal Locking in femur nail-an undeveloped
part of femur nail system. ] Orth Clin Res. 2023;1(2):78-86.

DOI: https://doi.org/10.37191/Mapsci-JOCR-1(2)-010



https://doi.org/10.37191/Mapsci-JOCR-1(2)-010
https://pubmed.ncbi.nlm.nih.gov/2910610/
https://pubmed.ncbi.nlm.nih.gov/16003201/
https://doi.org/10.1097/bot.0000151815.94798.64
https://pubmed.ncbi.nlm.nih.gov/1937742/
https://doi.org/10.1016/0020-1383(91)90026-b
https://pubmed.ncbi.nlm.nih.gov/11600119/
https://doi.org/10.1016/s0020-1383(01)00100-0
https://pubmed.ncbi.nlm.nih.gov/8775709/
https://doi.org/10.1007/bf00453216
https://pubmed.ncbi.nlm.nih.gov/15135275/
https://doi.org/10.1016/s0020-1383(03)00312-7
https://pubmed.ncbi.nlm.nih.gov/17538786/
https://doi.org/10.3109/10929080701388091
https://pubmed.ncbi.nlm.nih.gov/16310192/
https://doi.org/10.1016/j.injury.2005.09.009
https://pubmed.ncbi.nlm.nih.gov/9314144/
https://doi.org/10.1097/00005131-199708000-00002
https://pubmed.ncbi.nlm.nih.gov/10416417/
https://doi.org/10.1097/00003086-199907000-00033
https://pubmed.ncbi.nlm.nih.gov/9075008/
https://doi.org/10.1016/s0021-9290(96)00160-1
https://pubmed.ncbi.nlm.nih.gov/18500514/
https://doi.org/10.1007/s00264-008-0579-y
https://pubmed.ncbi.nlm.nih.gov/9813705/
https://doi.org/10.1016/s0020-1383(98)00088-6
https://pubmed.ncbi.nlm.nih.gov/3597477/
https://pubmed.ncbi.nlm.nih.gov/2228668/
https://pubmed.ncbi.nlm.nih.gov/9820280/
https://doi.org/10.1002/jor.1100160508
https://pubmed.ncbi.nlm.nih.gov/9521519/
https://doi.org/10.1007/s004020050215

