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Abstract
Background It is challenges for surgeon to position the distal locking screw of a tibia intramedullary nail. The traditional free-hand
(FH) technique is related to the proficiency of surgeons and has a long learning curve. Furthermore, the radiation dose and the
accuracy of screw placement should be taken into account. The new technology, the electromagnetic navigation system (ET), which
is a radiation-free way to locate the position of the drill bit. The purpose of our study is to evaluate the results of the ET for distal locking
screw of a tibia intramedullary nail and to compare the effects with the FH technique.

Methods Eighty-nine cases of tibia diaphyseal fracture who needed to treat by intramedullary nails were analyzed retrospectively,
and were divided into 2 groups. Patients in navigation group (n=54) were treated with intramedullary nail using the ET for distal
locking, while other 35 patients using FH technique. Intraoperative fluoroscopy exposure times, screw insertion times, and healing
times were recorded. The parameter was used for comparison in 2 groups.

Results The mean time of distal locking in the ET technique was significant less than that in the FH group (5.89±2.02minutes vs
12.26±4.40minutes) and the exposure time was reduced in ET group significantly (2.13±0.73seconds vs 19.09±10.41seconds).
The healing time was proved to be coincident in FH group and ET group (15.34±2.98w vs 16.06±3.74w). The one-time success
rate of distal locking nail operation was 100% in the navigation group, which was significantly higher than that in FH group (P< .05).

Conclusion Compared with the FH technique, the ET for distal locking of tibia intramedullary nail has the advantages of high
efficiency and short locking time without radiation.

Abbreviations: ET = electromagnetic navigation system, FH = free-hand.
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1. Introduction and broken nails, especially, the distal locking still remains a
Intramedullary nailing is one of the current standard treatment
for diaphyseal long bone fractures of the lower limb, because it
provides a dequate fracture stabilization and allows early mobile
sation and return of function to the injured limb performing in a
minimally invasive manner.[1–6] However, this method also has
disadvantages, including operational difficulty of the locking nail
Editor: Phil Phan.

YW and BH have contributed equally to this work.

This work was supported by the National Natural Science Foundation of China
(81671204), the Natural Science Foundation of Anhui province (1708085QH221),
the Hefei Independent Innovative Foundation (YW201608080006), Traditional
Chinese Medicine Research Foundation of Anhui Province (2016zy92), Teaching
Research foundation of Anhui Medical Universit (132), and Teaching Research
foundation of Anhui Province (2017jyxm1425).

The author(s) of this work have no conflicts of interest to disclose.

Department of Orthopaedics, The Second Affiliated hospital of Anhui Medical
University, Hefei, Anhui, P.R. China.
∗
Correspondence: Jun Li, Department of Orthopaedics, The second affiliated

Hospital of Anhui Medical University, 678 Furong, Hefei, 230601, P.R. China
(e-mail: efylijunpaper@163.com).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons
Attribution-NoDerivatives License 4.0, which allows for redistribution, commercial
and non-commercial, as long as it is passed along unchanged and in whole, with
credit to the author.

Medicine (2018) 97:27(e11305)

Received: 26 November 2017 / Accepted: 7 June 2018

http://dx.doi.org/10.1097/MD.0000000000011305

1

challenging and sometimes frustrating part of intramedullary
nailing. The free-hand (FH) under fluoroscopic guidance is
usually performed in distal locking.[7] Consequently, the patient
and the surgeon must be suffered from a considerable amount of
radiation in the whole surgical procedure.[7–11] It is an undeniable
fact that fluoroscopic guidance play a vital role in reduction of the
fracture and the identification of the nail’s entry point and its
insertion.[10]

In order to minimize the adverse effects of radiation on the
patient and the staff and to insert the distal locking screws
effectively, more and more novel technologies have been
introduced, including hand-held targeting devices and radiolu-
cent drill guides,[12] laser-guided systems,[13] computer-assisted
systems,[14] self-locking nailing systems.[7,15] Each technique has
its own advantages and disadvantages. Simple proximally
mounted distal locking devices seem to fail because of lacking
compensation for deformation of the nail caused by bending and
rotational forces during insertion after its insertion to the
tibia.[10,16] Although computer-assisted method can achieve
good results, the method is comparatively complicated and
depends largely on the quality of the fluoroscopic image.[7,10,17]

For many surgeons, the FH technique which based on
fluoroscopic remains the prevailing method for distal locking.
However, the FH technique is related to the proficiency of
surgeons and has a long learning curve. Furthermore, the
radiation dose and the accuracy of screw placement should be
taken into account. The new advanced technique should be
developed to solve the problem.
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A new electromagnetic computer-assisted guidance system
(Smith & Nephew, Inc., Memphis, TN) was designed to reduce
radiation exposure and operation time during locking distal
screws. There has, however, as yet been only a few preliminary
clinical and radiological study comparing the difference between
FH technique and electromagnetic computer-assisted guidance
system for the distal locking of tibia nails. Therefore, the aim of
this study was to compare the efficacy of the standard FH
technique with a new electromagnetic navigation system (ET) for
distal locking in terms of reliability, operation time, healing time,
and radiation exposure.
2. Patients and methods

The patients with tibia fracture were enrolled into our study, who
were subjected to intramedullary nails (Smith & Nephew, Inc.,
Memphis, TN) after receiving informed agreement at the Second
Hospital of Anhui Medical University, from February 2010 to
December 2015. The patients with an acute, displaced, extra-
articular fracture of the distal tibia were eligible, while the
patients with pathological or periprosthetic fractures and open
fracture treated with external fixation were excluded (Fig. 1). The
study has been approved by the ethics committee of our hospital.
Patients were numbered and divided into 2 groups randomly,
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based on the technique used for placing distal locking screws.
Patients in group 1 have been performed 2 distal locking screws
using the standard FH method, while group 2 using ET
(SURESHOT). All distal locking procedures were performed
by the same surgeon.
Both the electromagnetic navigation group and the FH group

are definitely needed to place the main nail with intramedullary
nail. Firstly, the position of guide needle of intramedullary nail is
adjusted by the imaging system, so as to ensure the punching
center is consistent with the medullary cavity. After that, move
the guide needle through the near fracture section to fracture line,
reset the proximal fracture block and distal end, and the guide
needle should be inserted in alignment of direction of distal
fracture block. Finally, through the front and back, and side
position x-ray, it proves that the guide needle is inserted into the
marrow cavity, and the main nail with intramedullary nail with
appropriate length and diameter is inserted after reaming. For
distal locking nail implantation, the operation method of 2
groups is as follows. For the group 1 performing the FH
technique. The first step is to conform that the passage for each
screw appears as a perfect circle in the center of the image when
the image intensifier Compact was aligned with the 2 distal nail
holes. Then, a skin incision was made through the soft tissue,
down to the bone cortex. The guide pin is punched in the nail
ure of the distal 

ullary nail 
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Figure 2. The electromagnetic navigation system. A: Computerized control unit. B: The electromagnetic field generator. C: The electromagnetic probe.
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hole, ensure that the guide pin is at the center point of the lock
hole by means of the imaging system. It means that the circle of
drill and the distal locking hole were stayed on the same axis.
Finally, the guide pin is pulled out and the appropriate locking
screw is inserted to fix in the bone cortex. Another distal screw
was performed in the sameway. Once the operation is completed,
it has to confirm the integrity and effectiveness of intramedullary
nailing system through x-ray again. The total amount of exposure
time should be recorded in the operation so as to facilitate the
analysis of data in the next step.
The electromagnetic computer-assisted guidance system con-

tains 3 main parts: a computerized control unit, a hand-held
Figure 3. Distal locking using the electromagnetic navigation system (ET). (A) A na
location of drill and locking holes was visualized on the computer monitor (C) mad
inserted when the green and the red targeting circles were overlaps presented o
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“donut-shaped” targeter that produces a focused electromagnetic
field, and a sensor probe (Fig. 2), inserted in the nail and
mediating information to the control unit. A nail length adjusted
probe was inserted into the proximal end of the nail according to
the real-time information provided by electromagnetic tracking
data. For the distal locking procedure, the surgeon performed a
drill through a central slot in the electromagnetic field generator.
The location of drill and locking holes was visualized on a
computer monitor providing the real-time information for the
surgeon during the locking procedure. The distal screws were
inserted when the green and the red targeting circles were
overlaps presented on the computer monitor (Fig. 3). Another
il length adjusted probe was inserted into the proximal end of the nail. (B) The
e the 2 circles overlap by adjusting the control unit (D). The distal screws were
n the computer monitor.
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Figure 4. X-ray images of 2 patients with tibia fracture after treatment by 2 technology on the first day of postoperative. A: Treated with intramedullary nail using the
ET for distal locking. B: Treated with intramedullary nail using FH technique. The internal fixation position both in 2 groups showed reliable. ET=electromagnetic
navigation system, FH= free-hand.
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distal screw was performed in the same way. Finally, the distal
screw was confirmed whether or not the right positioning based
on the fluoroscopy.
During the operation, the procedure time of locking the distal

screw of the tibial nail (from the start of drilling to confirm the
successful lock) and the number of successful one-time lock were
recorded. The internal fixation position both in 2 groups showed
reliable (Fig. 4). All patients were followed up at 1, 3, 6, and 12
months to evaluate the fracture healing (Fig. 5).
Statistical analysis was carried out using Statistical Package for

Social Sciences (SPSS, Inc., Chicago, IL). Data including the
number of successful one-time lock, distal locking time, and
healing time were presented as mean± standard deviation for
continuous variables. The t test or rank sum test were used for
independent samples between groups. The number of successful
one-time lock was expressed as percentage. Fisher exact test or
chi-squared test was applied for the samples in each group.
P< .05 was considered as significantly different.
3. Result

Eighty-nine patients who agreed to undergo intramedullary nails
because of tibia diaphyseal fracture were enrolled the study.
There were 35 case (26 men, 9 women) accept intramedullary
nailing with FH technique, while 54 case (40 men, 14 women)
undertaken intramedullary nailing with the ET. The mean age of
the FH group was 39.40 (rSD, 16.50), and ET group was 41.52
(SD, 13.05), respectively. The mechanism of injury about these
patients, 57.30% traffic accident (51/89), 23.60% traumatic
injury (21/89), 6.74% falling from the height (6/89), and 12.36%
any other accident (11/89). According to the AO classification,
4

our research objects were classified type 42-A (65), type 42-B
(14), type 42-C (1c0). Of these, there were 32 open fractures and
all were categorized into grade I on the basis of Gustilo
Classification. There was no statistically significant difference in
age, grade, injury mechanism, and open fractures. According to
the results of AO classification, the fracture type of electromag-
netic navigation group is more serious than that of the FH group,
and therefore the difference is of significance in terms of statistics
(Table 1).
The mean time of distal locking was 12.26±4.40minutes in

the FH technique, whereas the time was 5.89±2.02minutes in
ET group. The exposure time for the FH group was 19.09±
10.41seconds, while 2.13±0.73seconds for ET group, ET group
was obviously shorter than FH group. The fracture healing time
in electromagnetic navigation group was slightly shorter than
that in the FH group (15.34±2.98w vs 16.06±3.74w), the
difference was not statistically significantly (P= .34). The mean
time of distal locking for placing of the distal screws was
statistically significantly shorter in ET group compared with FH
group (P< .05) (Table 2).
The one-time success rate was 100% in the ET group and

34.3% in the FH group, with statistically significant difference
(P< .05) (Table 2).
4. Discussion

The FH technique is still the most common application in distal
locking of intramedullary nailing, although the technique is
associated with high radiation exposure to the surgeon and the
patient and requires a long learning curve. However, all
orthopedic surgeons and patients must confront with the



Figure 5. X-ray images of 2 patients with tibia fracture after treatment by 2 technologies on 6 months of postoperative. A: Treated with intramedullary nail using the
ET for distal locking. B: Treated with intramedullary nail using FH technique. All patients were followed up at 1, 3, 6, and 12 months to evaluate the fracture healing.
ET=electromagnetic navigation system, FH= free-hand.
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radiation exposure in the procedure during operations. The
critical values of the effective dose were 20, averaged over 5 years,
with no more than 50mSv in any 1 year for occupational
exposure based on the recommendations of the International
Commission on Radiological Protection (ICRP).[18] Mehlman
reported that surgeons working within 24 in. of the fluoroscopy
beam receive significant radiation exposure to their unprotected
eyes, thyroid, and hands. Of course, the people in the operating
room will be within this distance and are exposed to radiation.
Kirousis et al[19] have reported that the primary operator should
not exceed the dose constraint of 10mSv per year when distal
screws were inserted with FH technique under fluoroscopic
Table 1

The characteristic of patients in 2 groups.

Characteristic
Freehand

group n=35
Electromagnetic
group n=54 P-value

Age 39.40±16.50 41.52±13.05 .50
Sex n (%)
F 26 (74%) 40 (74%) .98
M 9 (26%) 14 (26%)

Fracture type
Closed 22 35 .99
Open 13 19

Right tibia 14 25 .56
left tibia 21 29
AO classification
42-A 31 34 .03
42-B 2 12
42-C 2 8

5

guidance. Although recent studies have shown that radiation
exposure will do harm to people’s health, their results cannot be
ignored. It is very necessary to minimize the risks of radiation
exposure when locking screws.
In our study, we found that the ET achieve a positive result

with less radiation dose compared with the FH technique. The
exposure time for FH group was 26.8±13.3seconds and 2.2±
1.1seconds for ET group. The fluoroscopy was used to identify
the location of the distal screw and made sure the alignment
between the drill and the nail holes in the procedure of
intramedullary nailing. The outcome was supported by a
cadaveric study comparing the free hand technique and the
electromagnetic field real-time system (EFRTS) published by
Michael et al.[11] The current study[10,20,21] suggests that the
principal advantage of the distally based the ET is its decreased
radiation exposure required for placement of intramedullary
nailing. In addition, the time of distal locking was significantly
shorter in 2 groups. Mean distal locking time was 19.1seconds in
group 1 and 2.1seconds in group 2. According to data analysis of
AO classification, the fracture type of electromagnetic navigation
Table 2

The results of 2 groups.

Freehand
group

Electromagnetic
group P-value

Healing time, w 15.34±2.98 16.06±3.74 .34
Exposure time, s 19.09±10.41 2.13±0.73 <.05
Distal locking time, min 12.26±4.40 5.89±2.02 <.05
One-time success rate 34.3% (12/35) 100% (54/54) <.05

http://www.md-journal.com
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group is more serious than that of the FH group, but it has no
effect on our results. On the contrary, for the time of operation
and the time of exposure, electromagnetic navigation are shorter
than that of the FH group, and therefore it further proves the high
efficiency and effectiveness of ET as well.
More recent literatures[22,23] have shown the simultaneously

expanded feedback offered by the newer technology is likely to be
an useful tool to teach surgical techniques and doesn’t do harm to
learning. Basing on this presupposition, Leroux et al[24] conduct a
trial to make a comparison on what will the fluoroscopy or
electromagnetic (EM) guidance bring to the surgical new hands’
studying about the locking of inserting screw in tibial nails. In the
techniques of distaling the locking of screw insertion, the EM
guidance is of great importance to the training of surgical new
hands. This technology can raise the efficiency of finishing the
task, use the radiation less and doesn’t compromise the skill
acquisition. Compared with the EM guidance, the surgeon using
free hand technique will be exposure to the radiation inevitably.
Blattert et al[25] found the fluoroscopy has great influence on the
aggregated amount of radiation exposure to orthopedic surgeons
in the intramedullary fracture fixation. Consequently, the
surgeon should take a long time to acquire experience with
the use of intraoperative fluoroscopic techniques. Through our
study, results show that the fluoroscopy was used to confirm
there is nearly 2.1 seconds for radiating screw placement the
majority of procedures performed with EM. What it suggests is
that the EM guidance is of great significance to train new hands
although the fluoroscopy is only used after training, with the
added interests which can shorten the radiation being used for
learning techniques.
Distal locking failure is another major problem in the process

of distal locking. The deformation of nails inserted into the
medullary canal should be responsible for failure in distal
locking. Anastopoulos et al[26] reported 5 cases were unsuccessful
in 127 patients being treated with the use of a proximally
mounted aiming device. From our data, there was no failure in
both groups. It is possible that both of target devices can
compensate the deformation of nails. The shift in the nail or
patient position, or misdirection of the drill, was realized in real
time and was easily corrected using the EFRTS. In addition, all
locking procedures were performed by an experienced surgeon
and completed quickly. The surgeon must pay attention to the
metal objects in close to the targeter, although the EM device is
accurate and easy to use as described in this study. According to
the recent study[27] large objects such as a metal leg holder or
hammer will register on the machine, and a warning tore move
metal objects will be clearly displayed on the computer screen.
Smaller objects within 6 in. of the targeter will distort the EM
tracking and affect the accuracy of the device.
Although this study presented an outcome based on the fact

persuasively, it still has several limitations. First, we did not
design a control group to compare the learning curve between the
distal locking procedures. In addition, the evaluation for the dose
of exposure to radiation was ignored.
5. Conclusion

Compared with the free-hand technique, the ET for distal locking
of tibia intramedullary nail has the advantages of high efficiency
and short locking time without radiation. This new technology
makes it easier to position the distal locking screw of tibia
intramedullary nail, it is worthy to be advocated in clinical
practice.
6
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