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ABSTRACT

BACKGROUND: Intramedullary nailing (IMN) technique is the gold standard for the treatment of closed fractures of the lower ex-
tremity long bones. For orthopedic surgeons, one of the most important problems in IMN procedures is the fixation of distal locking
screws (DLS). Accurate and rapid placement of DLSs with minimal radiation exposure is crucial. In this study, we aimed to compare
the results of two different distal locking methods concerning surgery duration and radiation exposure in patients who underwent
osteosynthesis of tibia fractures with IMN.

METHODS: In this prospective study, the results of 56 patients who met the inclusion and exclusion criteria from 72 patients were
evaluated. Patients were divided into two groups according to the distal screwing method. Group | (n=29) comprised patients who
used free-hand technique (FHT) for distal locking, while Group 2 (n=27) consisted of patients who used electromagnetic guidance
system (EMGS) for distal locking. Demographic and medical data of the patients, duration of surgery time, amount of bleeding, total
fluoroscopy counts, the time elapsed for distal locking, the measure of radiation exposure, number of attempts for distal screw locking,
incorrect screw placements, complications and follow-up time were recorded. The groups were compared concerning demographic
data and clinical results.

RESULTS: There was no statistically significant difference between the groups about gender and side (p=0.928 and p=0.432, respec-
tively). The mean age in Group-| was higher than that of Group-2, and the difference was statistically significant (p=0.012). However,
there was no statistically significant difference in length of hospital stay in Group-1 (p=0.140). On the other hand, in Group-2, the
number of distal shots, fluoroscopy duration, effective radiation dose and operation duration were lower compared to Group-1, al-
though this difference was not statistically significant (p=0.057, 0.073, 0.058 and 0.056, respectively). Failure was encountered in distal
locking during the first attempt in three cases in Group-| and in two cases in Group-2. Aseptic nonunion was observed in one patient
in both groups.

CONCLUSION: Both the FHT distal screwing technique and the EMGS distal screwing technique are highly effective methods for
distal locking. The duration of operation, the duration of the fluoroscopy and radiation exposure were similar. FHT can be preferred
for distal locking in conventional intramedullary nail applications, as it is effective, easy and inexpensive.
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INTRODUCTION long bones. For orthopedic surgeons, one of the most im-
portant problems in IMN procedures is the fixation of distal
Intramedullary nailing (IMN) technique is the gold standard locking screws (DLS). The placement of the screws can be

for the treatment of closed fractures of the lower extremity ~ time-consuming and challenging due to the placement of the
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distal lock holes. Various problems can be encountered in
DLS fixation, such as prolongation of the operation time,
the lock screw missing the nail, formation of stress points in
the bone cortex due to repeated attempts, and radiation ex-
posure due to recurrent fluoroscopy use. For orthopedists
dealing with trauma, accurate and rapid placement of DLSs
with minimal radiation exposure is crucial. The conventional
approach for detecting the correct point when placing DLS
involves fluoroscopic free-hand technique (FHT). However,
the most important disadvantage of this method is high radi-
ation exposure.l'* Therefore, new methods are needed and
new guidance systems have been developed to reduce radi-
ation exposure.’®! A variety of technological methods have
been developed in the treatment of lower extremity long
bone fractures with IMN, such as navigation systems, laser
marking, computer-aided guiders, and mechanical systems
mounted proximally or distally to reduce radiation exposure
when locking screws are applied."’~'"! Electromagnetic guid-
ance system (EMGS) is one of the methods developed to
solve this problem. There are different results in the litera-
ture regarding radiation dose and surgery durations with the
use of EMGS in DLS application. There are studies suggest-
ing that DLS reduces operation duration radiation exposure
despite studies reporting that it does not make a difference.
M2 The current literature suggest that the EMGS is a bet-
ter alternative for distal locking in the IMN procedure.l'"'!3]
However, IMNs with EMGSs have the disadvantages of re-
quiring technical skills, having a long learning curve and being
uneconomical and unpractical.>¥ On the other hand, inex-
pensive and simple FHTs, which reduce radiation exposure
in distal screwing, have been described.>'¥

In this study, we aimed to compare the results of FHT and
EMGS results of the distal locking method concerning surgery
duration and radiation exposure in patients who underwent
osteosynthesis of tibia fractures with IMN.

MATERIALS AND METHODS

Study Design

Local Ethics Committee approval was obtained for this
prospective study (B.30.2.AKU.0.20.05.04/06-2013/1). The
sample of the study consisted of patients who underwent
IMN procedure for tibial fractures between January 2013 and
January 2015 in Afyonkarahisar State Hospital, Orthopedics
and Traumatology Clinics. The results of a total of 53 cases
were evaluated according to the exclusion and inclusion cri-
teria from 72 patients. The patients enrolled in this study
were informed that their medical records would be used in
the scientific study.

Inclusion Criteria

|- Closed tibia fracture cases according to AO/OTA classifica-
tion,!'”] 2- Cases treated with closed carved IMN and under-
went FHT or EMGS-assisted distal locking, 3-Patients whose
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data were recorded during the surgery and followed up for at
least one year after the operation.

Exclusion Criteria

I-Proximal and distal femur/tibia fractures, 2-Cases with in-
complete skeletal maturation, 3- Old age and osteoporotic
cases, 4- Secondary operations due to any complication, 5-
Morbidly obese patients, 6- Patients with additional trauma
affecting the postoperative mobilization were excluded from
this study.

Data Collection

For the above-mentioned purposes, |- Demographic and
medical information of the patients were recorded, 2- Dura-
tion of surgery and the amount of bleeding were recorded.
3-Total duration of fluoroscopy (insertion of the guidewire,
confirmation of the nail placement, and distal and proximal
screws) and duration of the distal locking (confirmation re-
garding insertion of the screws, re-insertion in case of in-
correct placement), and the radiation dose emitted was
measured and recorded, 4- Number of distal screw lock-
ing attempts and incorrect screw placement was recorded.
5-Complications and follow-up periods were recorded.

Surgical Technique

All surgeries were performed by three surgeons (MNK, SS,
AA). All three surgeons had sufficient experience with IMN
and osteosynthesis and had previously performed both of the
techniques mentioned. Patients who underwent osteosynthe-
sis with IMN were divided into two groups according to the
distal locking method used. Following the antiseptic prepa-
rations, the knee was flexed to 90-100° in supine position
under spinal anesthesia and the tibia was prepared so that it
was completely hanging down. A standard parapatellar inci-
sion was done, and closed fracture reduction was performed.
The length of the nail was determined by the guidewire and
the width with the reamer. IMN was performed in an ante-
grade and carved manner in all cases. Intraoperative rotation
and alignment were calibrated according to definitions made
by Krettek et al.l'd

Group-1 and Distal Locking Technique

Classic intramedullary locked nails (Tipmed® IM/tibia, Turkey)
were used in this group. Distal locking screws were placed
using the free hand technique, as described by Aldemir et al.l”
Surgical techniques: |. Bone centering technique, 2. Malle-
olar centering technique, 3.Aspiration technique. Control
methods: |. Length measurement by the guidewire, 2. Me-
tallic sound control method. For distal locking, the drill bit
was first forwarded to the most-distal hole using the bone
centering and medial malleolar centering technique. With the
guidewire, it was checked whether the drill bit was in the
lock screw hole using length measurement with the guidewire
or metallic sound control method. If the drill bit was not in
place, the aspiration technique was initiated (Fig. |a).
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Figure 1. (a) Insertion of distal locking screws with free-hand method (FHT). (b) Insertion of distal locking screws with electromagnetic

guidance (EMGS).

Group-2 and Distal Locking Technique: SpectruM®Tibia (Art
Metal, Hungary) electromagnetic tibial IMN was used in this
group. This nailing system consists of three parts. The first
part contains the computerized control unit, the second
part consists of the electromagnetic field producing hand-
held and the third part contains the sensory probe. Elec-
tromagnetic-assisted distal locking screws were placed with
the method described in Urug et al.®! (and manufacturer’s
manual) (Fig. 1b).

Determination of Fluoroscopy Duration

Samsung® 03345209 Fluoroscopy equipment was used as a
portable imaging device. After starting the distal locking, the
number of fluoroscopy shots, radiation exposure measure-
ment and locking time for all screws were compared between
the two groups (Table ).

Measurement of Radiation Exposure

During the intramedullary nail application, the settings of the
fluoroscopy device were set to 100 kVp and 50mAs. The fluo-
roscopy device was used by the same trained technician. The
exposure dose was measured with NEB.223 RADIACMETER®
obtained from the Turkish Civil Defense Directorate. A sin-
gle shot of the fluoroscopy device lasted an average of two
seconds and the radiation dose was 27.3 yRA. Fluoroscopy
time was calculated by multiplying the total number of shots
and the average shooting time (2 sec). The operation time

was calculated as minutes. Using the measurements calcu-
lated as microrad (yRA) with NEB.223 RADIACMETER®, the
radiation dose emitted first (mGy.m2) was calculated. The
effective dose (mSv) was finally calculated. Measurement of
radiation exposure were calculated using the methods de-
scribed in the previous studies.[*!7-20

Statistical Analysis

SPSS 20.0 package program was used to analyze the data.
The conformity of the data to the normal distribution was
checked using the Kolmogorov-Smirnov test. A chi-squared
test was used to compare categorical data between the
groups, and the Mann-Whitney U test was used to compare
mean values. P<0.05 was considered significant.

RESULTS

The results of 56 patients were evaluated. There were 29
patients (10 females/19 males) in Group-I, of whom 17 had a
fracture in the right tibia and 12 in the left tibia. In Group-2,
there were 27 patients (9 females/18 males), of whom 13
had right tibia fracture and |4 had left tibia fracture. There
was no statistically significant difference between the groups
concerning gender and side (p=0.928 and p=0.432, respec-
tively, Table I). The mean age in Group-l was higher than
that of Group-2 and the difference was statistically significant
(p=0,012, Table I). However, there was no statistically signifi-
cant difference in length of hospital stay in Group-1 (p=0.140,

Table I. Comparison of the demographic data and clinical outcomes according to groups

Parameter Group | Group Il P
Gender (female/male) 10/19 9/18 0.928
Side (right/left) 17/12 13/14 0.432
Age (years) 47.8619.77 39.56x13.89 0.012
Hospitalization (day) 5.17+2.14 4.44+1.40 0.140
Fluoroscopic shooting number at distal locking 5.79£1.72 4.89+1.76 0.057
Fluoroscopy time (sec.) 53.17+26.56 40.41+25.55 0.073
Operation time (min.) 68.5248.14 64.6316.64 0.056
Effective radiation (mSv) 35.94+27.67 22.69+23.15 0.058
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Table 1). On the other hand, in Group-2, the number of distal
shots, fluoroscopy duration, effective radiation dose and op-
eration duration were lower compared to Group-1, although
this difference was not statistically significant (p=0.057, 0.073,
0.058 and 0.056, respectively, Table I).

A single shot lasted two seconds with the fluoroscopy device
we used in the operating room, and the radiation dose was
27.3 yRA. Fluoroscopy duration was calculated by multiplying
the total number of shots by the mean duration (2 sec). The
operation duration was calculated as minutes. Measurements
were performed in YRA as described in the previous studies
117181 with the device we used; first, the radiation dose (mGy.

m2) emitted to the environment was calculated, followed by
the effective dose (mSv).

Complications

Failure was encountered in distal locking during the first at-
tempt in three cases in Group-| and in two cases in Group-2.
Aseptic nonunion was observed in one patient in both groups.
The revision was not performed due to rotation or extremity
inequality in any case. There were no neurovascular deficits
and compartment syndrome. On the other hand, in the years
when this study was carried out, the cost of EM nail was
twice as a conventional nail. Some of our cases from Group-|
and 2 are presented in Figures 2 and 3.

Figure 2. Preoperative anteroposterior-lateral x-ray (a), postoperative anteroposterior-lateral (b) and last follow-up
anteroposterior-lateral x-ray (c) images of a surgically treated patient, a 42 years old female, right tibia, from group 1.

Figure 3. Preoperative anteroposterior-lateral x-ray (a), postoperative anteroposterior-lateral (b) and last follow-up
anteroposterior-lateral x-ray (c) images of a surgically treated patient, a 22 years old male, left tibia, from group 2.

Ulus Travma Acil Cerrahi Derg, March 2020, Vol. 26, No. 2

283



Aslan et al. Is EMGS superior to a FHT for distal locking in IMN of tibial fractures?

DISCUSSION

Various technological methods have been developed for in-
tramedullary nailing treatment of lower extremity long bone
fractures to reduce radiation exposure when locking screws
are applied: navigation systems, laser marking, computer-
aided guiding and mechanical systems mounted proximally or
distally.”-'"! On the other hand, many free hand techniques
are known in distal screwing, as described in previous studies.
211 In addition, inexpensive and simple methods that reduce
radiation exposure and do not require fluoroscopy have also
been described.>'1 Soni RK et al.l'l reported that 45 of 47
tibial shaft fractures that they operated with an easy, applica-
ble and no-radiation distal locking screw insertion technique
showed complete union and no complications occurred dur-
ing six months of follow-up. Aldemir et al.”} reported that
they operated on 578 tibial fractures without using fluo-
roscopy with three locking techniques and two control meth-
ods, which they described with long years of experience in a
very large series, and that failure in the distal locking was seen
in only one patient.

In our study, patients in Group | underwent distal locking
with the technique described by Aldemir et al.,/” and we ex-
perienced failure in three of 29 cases at the first attempt. The
complete union was achieved in all patients except two cases
during at least one year of follow up. The difference from the
studies that mentioned above may have resulted from the
experience.

In long bone fractures of the lower extremities, there are
studies indicating that the distal locking method with electro-
magnetic guidance (EMG) system does not make a difference
despite studies reporting that it reduces operative time and
radiation exposure.*¢'2131 Studies on distal free hand and
magnetic locking intramedullary nails have reported different
results concerning operative time, duration of fluoroscopy
and radiation exposure. Kirousis et al.l'® reported that the
mean fluoroscopy duration was 71 seconds (19—141) in whole
intramedullary nailing procedure with free hand technique.
Levin et al.?? reported that fluoroscopy-guided free hand-held
required 60-307 seconds of fluoroscopy duration for inser-
tion of distal locking screws. Hoffmann et al.?®! reported that
they gained 244 seconds of time with electromagnetic naviga-
tion system (without ionizing radiation) compared to the free
hand fluoroscopy technique. Stathopoulos et al.! reported an
average distal locking time of 219 seconds (200-250) in tibial
fractures using the electromagnetic-assisted computer system
(SURESHOTTM). Uruc et al.®! reported that the electromag-
netic-based targeting significantly reduced the fluoroscopy
duration and operative time compared to the free hand tech-
nique. They reported that the mean operative time in the free
hand group was 108 minutes, and the mean duration of the
fluoroscopy was 47.77 seconds, while in the EMG group, the
mean operative time was 80.96 minutes, and the mean dura-
tion of fluoroscopy was 22.59 seconds.
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In our study, we could not find a significant difference con-
cerning duration of fluoroscopy use, radiation dose and oper-
ative time in tibial fractures between electromagnetic nailing
and nailing by the free-hand method, which we described.

In their free hand technique, Aldemir et al.? reported failure
in only one case in distal screwing. In their comparative study,
Suhm et al.®! reported failure in one case in the group that they
used the optoelectronic targeting surgical navigation system
(SurgiGATE). Langfitt et al.?l reported that the EM-assisted
system was more rapid than the free hand technique in the
IMN operations of the tibia and femur fractures and resulted
in fewer screw problems. Uruc et al.”! reported no failure of
free hand technique and EM- assisted distal screwing in any of
the patients. Dursun et al.?*! reported that the magnetic lock-
ing system was as accurate as the standard hand technique for
distal locking during tibial intramedullary nailing, and no failure
in distal screwing was encountered in both groups.

In our study, failure was encountered at the first attempt in
distal screwing in three cases in Group-| and in 2 cases in
Group-2.

As discussed above, current literature suggests that the EM
technique is a better alternative for distal locking in the in-
tramedullary nailing procedure.l"'2'31 However, devices ac-
companying the EMG-assisted distal screwing systems have
the disadvantages of requiring technical skills, a long learning
curve, and being uneconomic and unpractical.>!

The results of our study showed no difference between the
EMG and FHM in tibia fractures. In addition, the price of EMK
nails was twice as expensive as the conventional nail at the
time of our study.

In the literature, the effective dose detected during in-
tramedullary nailing in several studies has been reported be-
tween 2.5 and 87.6 microSv.['82¢30

In our study, the mean effective radiation dose was 35.94 in
Group-| and 22.69 in Group-2. The difference between the
groups was not significant. The effective radiation doses in
both groups were consistent with the literature. Moreover,
when evaluated cumulatively, they were not high enough to
affect human health.

Strengths and Limitations of this Study

Although there are similar comparative studies,>®'213 the
free hand technique described in the studies is different. On
the other hand, the study of Aldemir et al.”! which we used
the free hand technique’s, is not comparative and it was writ-
ten in Turkish. Therefore, we believe that our results regard-
ing a simple, inexpensive, accessible technique described in
our country with a comparative study will contribute to the
literature. The inadequacy of the number of cases and the
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lack of homogeneous distribution among the groups can be
considered as the limitations of our study.

Conclusion

Both the FHT distal screwing technique and the EMGS dis-
tal screwing technique are highly effective methods for distal
locking. The duration of operation, the duration of the fluo-
roscopy use and radiation exposure were similar. FHT can be
preferred for distal locking in conventional intramedullary nail
applications, as it is effective, easy and inexpensive.
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Tibia kiriklarinin intramediiller civilemesinde, distal kilitleme i¢in elektromanyetik
yﬁnlendirme sistemi, serbest el tekniginden iistiin miidiir?
Ileriye yonelik kargilagtirmali bir caligma
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AMAG: intramediiller civileme (IMC) teknigi, alt ekstremite uzun kemiklerinin kapali kiriklarinin tedavisinde altin standarttir. Ortopedik cerrahlar
icin IMC prosediirlerindeki en énemli sorunlardan biri distal kilitleme vidalarinin (DKV) yerlestirilmesidir. DKV’larin en az radyasyona maruz kalma
ile dogru ve hizli bir sekilde yerlestiriimesi ok nemlidir. Bu calismada, tibia kiriklarinda IMC ile osteosentez uygulanan hastalarda ameliyat siiresi ve
radyasyon maruziyeti agisindan iki farkli distal kilitleme yénteminin sonuglarini karsilagtirmay1 amagladik.

GEREC VE YONTEM: lleriye yonelik yapilan bu calismada toplamda 72 hastadan dahil etme ve dislama kriterlerini karsilayan 56 olgunun sonuglari
degerlendirildi. Hastalar distal vidalama yontemine gore iki gruba ayrildi. Grup-| (n=29) distal kilitleme igin serbest el teknigi (SET) kullanilan hasta-
lar, Grup-2 (n=27) distal kilitleme icin elektromanyetik yonlendirme sistemi (EMYS) kullanilan hastalari iceriyordu. Hastalarin demografik ve tibbi
bilgileri, ameliyat stireleri, kanama miktarlari, toplam floroskopi stireleri, distal kilitteme igin gecen siireler, maruz kalinan radyasyon dozu 6lgiimleri,
distal vida kilitleme icin tesebbiis sayilari, hatali vida yerlesimleri, komplikasyonlar ve takip siireleri kaydedildi. Gruplar demografik veriler ve klinik
sonuglar agisindan karsilastirildi.

BULGULAR: Gruplar arasinda cinsiyet ve taraf agisindan istatistiksel olarak anlamli fark yoktu (sirasiyla, p=0.928 ve p=0.432). Grup |'deki yas
ortalamasi Grup-2'den daha yiiksekti ve fark istatistiksel olarak anlamli idi (p=0.012). Ancak, Grup- |'de hastanede kalis siiresi agisindan istatistiksel
olarak anlamli bir fark yoktu (p=0.140). Diger taraftan Grup-2'de distal atim sayisl, floroskopi stiresi, etkili radyasyon dozu ve operasyon siiresi
Grup-|’e gore daha dusukti, ancak bu fark istatistiksel olarak anlamli degildi (sirasiyla, p=0.057, 0.073, 0.058 ve 0.056). Grup-|'deki li¢ olguda ve
Grup-2'deki iki olguda ilk denemede distal kilitlemede basarisizlikla karsilasildi. Her iki grupta bir hastada aseptik kaynamama gézlendi.
TARTISMA: Hem SET hem de EMYS distal vidalama teknigi, distal kilitteme igin oldukgca etkili yéntemlerdir. Ameliyat siiresi, floroskopi siiresi ve
radyasyona maruz kalma benzerdir. Geleneksel IMC uygulamalarindaki distal kilitlemelerde, etkili, kolay ve ucuz oldugu icin SET tercih edilebilir.
Anahtar sézcikler: Distal vida kilitleme; intrameddiller civileme; radyasyon maruziyeti; tibia kirng.
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