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SUMMARY

Introduction/Objective Subtrochanteric fractures are unstable, tending to a varus, antecurvatum, and
shortening deformity.

The aim of this paper was to compare operation time and fluoroscopy time between different internal
fixation methods in the treatment of subtrochanteric fractures.

Method The prospective study of the group of 27 patients with a subtrochanteric fracture treated by
the SIF (selfdynamisable internal fixator with a trochanteric unit) method had been done. Operation
time and fluoroscopy time values from this group were compared to the same parameters data from the
literature for intramedullary (IM) nails, proximal femur locking plates (PF-LCP), dynamic condylar screws
(DCS), and the 95°-angled blade plate.

Results In the SIF group, operation time was 62.2 (25-140) minutes and fluoroscopy time was 43 (20-95)
s. Average operation time from the literature data was: 102.1 (43-181) minutes for IM nail, 94.2 (75-129)
minutes for PF-LCP, 105.3 (70-166) minutes for DCS and 221.5 (171-272) minutes for blade plate. Average
fluoroscopy time from the literature data was: 109.6 (34-250) seconds for IM nail, 102.3 (47-180) seconds
for PF-LCP, 238 seconds for DCS. Operation time and intraoperative fluoroscopy time were higher in IM
nail, PF-LCP, DCS and blade plate comparing to SIF method (p < 0.05).

Conclusion The above mentioned difference could be explained by a degree of required accuracy in the
initial operative technique maneuvers, by used number of screws and by the type of the fracture reduction
performance in different fixation methods. Operation time during IM nailing of subtrochanteric fractures
sometimes can be shorter than average operation time in SIF method, what could be explained by the

skill of the surgeon to perform as fast closed reduction for insertion of guide wire.
Keywords: selfdynamisable internal fixator; subtrochanteric fractures; dynamisation

INTRODUCTION

Subtrochanteric fractures occur in 3.2/100,000
population per year and are often pathologi-
cal in nature [1]. They are more common in
females and in patients who have been taking
bisphosphonates. They are defined as extend-
ing from the lesser trochanter to 3-5 cm dis-
tally although there are other definitions [1, 2,
3]. Subtrochanteric fractures are almost always
displaced, being in antecurvatum, varus, and
external rotation position by the effect of mus-
cles attached to the fractured area. That is the
reason for a frequent occurrence of malunion
with hip contracture in non-operative treat-
ment of these fractures, thus giving poor func-
tional results. External fixation can provide
good final results after proper postoperative
treatment. Disadvantages of external fixation
are postoperative discomfort for the patient
and a risk of infection around the pins; hence,
this fixation method is used predominately
when the operative intervention is considered
a big life risk factor or for the treatment of open
subtrochanteric fractures. Internal fixation is

the most used treatment method for subtro-
chanteric fractures today [4].

These fractures are commonly managed
with intramedullary (IM) nails, proximal fe-
mur locking plates (PF-LCP), dynamic condy-
lar screws (DCS), and 95°-angled blade plates
[5-15]. Selfdynamisable internal fixator (SIF)
with a trochanteric unit (Figure 1) is a new-
generation implant used in the treatment of
several thousand patients in many clinics in-
cluding our institution [16-21].

In this paper, operation time and intra-
operative fluoroscopy time between the SIF
method and IM nail, PF-LCP plate, DCS, and
blade plate have been compared.

METHODS

Operation time and intraoperative fluoroscopy
time were analyzed in the group of 27 consecu-
tive cases with SIF internal fixation of a subtro-
chanteric fracture. These surgical interventions
were performed at the Clinic for Orthopaedics
and Traumatology of the Clinical Center of Ni§
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Figure 1. Selfdynamisable internal fixator with a trochanteric unit:
(1) lag screws; (2) implant body; (3) clamps with screws for clamps; (4)
dynamic antirotational screw; clamps are initially locked, but biome-
chanical forces can lead to their spontaneous unlocking (without the
need for additional surgery) if the union is delayed or absent

between March 1, 2011 and November 1, 2012. We had
analyzed the series of patients treated during 2011 and
2012 because the registration of accurate data of intraop-
erative fluoroscopy time was being performed on the regu-
lar bases at that time. SIF internal fixation is the method
of choice at our center. In our and other 24 centers, this
method has already been applied to 2,500 patients for the
internal fixation of trochanteric and subtrochanteric frac-
tures. Aforementioned parameters were calculated for the
average values and evaluated for linear correlation.

Operation time and intraoperative fluoroscopy time
were also evaluated for values taken from other published
papers regarding internal fixation of subtrochanteric frac-
tures with IM nail, PF-LCP, DCS, and 95°-angled blade
plate. Average parameters values for each fixation method
were analyzed statistically in relation to the values of the
SIF group.

Above-mentioned implants are classified into two
groups: implants without axial dynamic fixation feature
(PE-LCP, DCS, and blade plate) and implants with axial
dynamic fixation feature (IM nail and SIF). Axial dynamic
fixation of subtrochanteric fractures includes the possibil-
ity of controlled fractured fragments sliding along the long
axis of the femur, which is a desirable factor to provide
compression and further healing of the fracture in some
patients. It is still not possible to predict which fracture
(patient) will require dynamization in the post-surgery
time. Nevertheless, fixation has to be rigid in the initial
after-surgery time and the dynamization could be needed
later, after several weeks. IM nail method provides the
transition from initially rigid to dynamic fixation mode
by additional later surgery (interlocking screw removal).
In the SIF method, this transition happens spontaneously,
without any need for additional surgery, by the clamps
spontaneous “unlocking” resulted from the effect of bio-
mechanical forces on initially locked clamps (if the heal-
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ing process is slow or absent, resulting in longer implant
load-bearing time) [16-22].

Statistical analysis was performed by the use of Stu-
dent’s t-test and linear correlation analysis in IBM SPSS
Statistics, Version 22.0 (IBM Corp., Armonk, NY, USA)
with the significance level set at p < 0.05.

RESULTS

Average operation time was 62.2 (25-140) minutes, and
average intraoperative fluoroscopy time was 43.9 (21-95)
seconds in the group of patients with subtrochanteric frac-
ture treated by the SIF method.

Averages of values taken from the literature for sub-
trochanteric fracture fixation regarding operation time
were as follows: 102.1 (43-181) minutes for IM nail, 94.2
(75-129) minutes for PF-LCP, 105.3 (70-166) minutes for
DCS, and 221.5 (272-171) minutes for 95°-angled blade
plate. Average values from the literature regarding fluo-
roscopy time were as follows: 109.3 (34-250) seconds for
IM nail, 102.3 (47-180) seconds for PF-LCP, and 238 sec-
onds for DCS. No values were found for fluoroscopy time
in subtrochanteric fracture fixation using the 95°-angled
blade plate (Table 1) [5-15].

Table 1. Average operation time and intraoperative fluoroscopy time
for different internal fixation methods in subtrochanteric fractures
treatment; the values for the intramedullary nail, proximal femur lock-
ing plates, dynamic condylar screws and 95°-angled blade plate were
taken from the literature and are placed inside the parentheses

Method Opera.tlon time Fluoroscopy time
(minutes) (seconds)

SIF (trochanteric) 62.2 439

IM nail 102.1 109.6 (250, 45, 34)
(181, 166, 93, 82, 48, 43) ’ T

PF-LCP 94.2(129,91,82,75) 102.3 (180, 80, 47)

DCS 105.3 (166, 80, 70) 238 (238)

95° blade plate 221.5(272,171)

IM - intramedullary nails; PF-LCP - proximal femur locking plates;
DCS - dynamic condylar screws

The average operative time and average fluorosco-
py time from the SIF group were significantly shorter
(p < 0.05) in relation to the average values for IM nail,
PF-LCP, DCS, and 95°-angled blade plate calculated by
the use of data taken from the literature.

Pearson correlation coefficient for correlation between
operative time and fluoroscopy time in the SIF group was
r=0.482.

The results of this study can however be compared as
a reference statement, rather than a real indication that
the SIF is better.

DISCUSSION

Longer intraoperative time in subtrochanteric fractures
treatment using the 95°-angled blade plate and DCS could
be explained by the need for achieving reduction before

the implant placement procedure. This is required due to

Srp Arh Celok Lek. 2018 Sep-Oct;146(9-10):543-548



Operation time and intraoperative fluoroscopy time in different internal fixation methods for subtrochanteric fractures treatment

the necessity for proximal part of the implant to be at a
certain angle to the previously displaced femoral shaft.
This statement is supported by the fact that the average
intraoperative time was longer in the blade plate in com-
parison to the DCS method. Actually, the blade plate is not
an adjustable implant and its placement requires more pre-
cise 3D orientation of the surgeon than the use of the DCS
method (DCS is somewhat adjustable due to the rotation
of its cylindrical part introduced in a trochanteric mass).
Thus, it could be suggested that higher adjustability of the
implant impacts the average operation time.

In addition to the aforementioned reasons, longer oper-
ative time in PF-LCP in relation to the SIF method of sub-
trochanteric fractures treatment could be explained by the
higher number of screws in the PF-LCP method. Higher
number of screws affects both the operation time and the
fluoroscopy time. Longer fluoroscopy time is here primar-
ily caused by the implantation of screws for the proximal
femoral fragment, as it is important for the hip screws not
to pass behind the medial cortex or into the hip joint.

IM nail fixation requires at least partially closed reduc-
tion of the subtrochanteric fracture before introducing a
guide-wire into the distal fragment medullary canal. Be-
cause of the type of subtrochanteric fracture displacement,
closed reduction is often hard to be performed, resulting in
repeated fracture reduction and guide-wire introduction
maneuvers, and hence in longer operation time and longer
fluoroscopy time. However, in some papers, the average
operation time of the IM nail method is similar to the SIF
group in this paper.

It should be kept in mind that the introduction of the
IM nail in the distal medullary canal does not always pro-
vide the correct reduction of some forms of the subtro-
chanteric fracture. There are some papers presenting the
subtrochanteric fracture with a varus reduction after the
IM nail fixation and with good final results after a switch
to an extramedullary fixation (Figure 2) [23].

The SIF implantation does not require previous reduc-
tion of a subtrochanteric fracture. It could be enough to

introduce one lag screw parallel to the femoral neck axis.
Afterwards, fracture reduction is performed indirectly -
by leaning of the implant body to the femoral shaft; the
implant body position is adjusted by its rotation around
the axis of the implanted lag screw (Figure 3). This type
of reduction and fixation could be considered as a factor
for a shorter average operation time. In this reduction and
fixation method, fluoroscopy can be needed during the
insertion of lag screws in the femoral neck only, contribut-
ing to a shorter average fluoroscopy time.

Pearson’s coefficient was > 0.3, supporting the state-
ment that there is a correlation between the operative time
and the fluoroscopy time in the SIF group (longer opera-
tion time is followed by longer fluoroscopy time). How-
ever, the coefficient of < 0.8 rejected this correlation as a
strong one, and this is supported by the fact that some of
the highest values for the fluoroscopy time were in the cas-
es with almost average values of the operation time. This
could be explained by the occasional need for repeated
K-wire insertions in the femoral neck before taking a good
position for the lag screw, requiring more intraoperative
fluoroscopy in a not too long operative time.

Dynamic hip screw (DHS) was not suggested in this
paper as one of the most used methods in the treatment of
subtrochanteric fractures, due to already confirmed higher
frequency of postoperative complications in relation to
other methods of internal fixation. Results of earlier stud-
ies referred that these complications were almost always
associated with medial cortex comminution, which is a
very common condition, making subtrochanteric fractures
unstable [7, 24, 25].

Excessive sliding of a lag screw in unstable subtrochan-
teric fractures treated by the DHS can result in medializa-
tion of the femoral shaft. Medialization of more than one
third of the femoral shaft diameter is followed by a seven
times more likely fixation failure, including implant break-
age [26, 27].

In an earlier study on 49 consecutive patients with a
subtrochanteric fracture treated by the SIF method it was

A B

Figure 2. (A) Possible malreduction after intra-
medullary nailing of a reverse subtrochanteric
fracture; (B) extramedullary fixation provides
a more accurate and reliable reduction of this
fracture type
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Figure 3. A scheme and an X-ray of subtrochanteric fracture reduction using the selfdyna-
misable internal fixator method; the first lag screw is positioned parallel to the femoral neck
axis, and other screws are implanted after “joystick” reduction of the fracture and adjusting
of the implant body position
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Figure 4. Compression strength in the medial cortex area of a sub-
trochanteric fracture is higher in a 95°-angled blade plate (B) than in
the dynamic hip screw method (A) due to the difference of bending
force intensity; F - hip load force at the moment of one leg standing
during walking; Fb — bending force that induces a varus cyclic elastic
deformation and hence the compression in the medial cortex area

stated that bone healing was achieved in all cases, without
the need for surgical revision, and three patients had bone
union in varus angulation of less than 10° [19].

The difference in after-surgery complications rate be-
tween the DHS and SIF implants can be explained by the
fact that the DHS method provides dynamization in just
one axis (femoral neck axis) and the SIF implant provides
dynamization in two axes (both femoral neck axis and fem-
oral shaft axis). Stabilization of an unstable subtrochanteric
fracture after SIF surgery is achieved by the dynamization
more in the femoral shaft axis and less in the femoral neck
axis. Thus, the excessive medialization of the femoral shaft
is rarely obtained in the SIF in comparison to the DHS
method in subtrochanteric fractures treatment. Biaxial dy-
namization could also be the reason for the lower rate of
complications in the IM gamma nail method (surgery is
performed after the interlocking screw removal) in relation
to the DHS method, for subtrochanteric fractures.

The fact that, according to the literature, results of
subtrochanteric fractures treatment are more acceptable
for the DCS than for the DHS method could today be
explained by the need for these fractures to have compres-
sion in the area of the medial cortex. Actually, implants
without the feature for dynamization in the femoral shaft
axis, such as DHS and DCS, can provide this compres-
sion only by their own cyclical elastic deformations in
the varus direction as a result of everyday biomechanical
forces in the hip region. Most of the biomechanical load is
transferred to the proximal femur when one leg is standing
during walking. It had been determined that the angle of
this force vector makes an angle of 159° in relation to the
femoral shaft [28, 29].

Due to the difference between the DCS and DHS im-
plants’ body angles, force-inducing varus bending elastic
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deformation (component of the hip load force) has differ-
ent values between these two fixation types, higher in the
DCS method. Thus, the compression force in the medial
cortex of the subtrochanteric fracture is higher in the DCS
than in the DHS method (Figure 4).

It could be considered that the absence of dynamiza-
tion in the femoral shaft axis in the DCS and DHS meth-
ods is partially “compensated” by the above-mentioned
cyclic elastic deformations of the implant. However, cyclic
bending forces are relatively high risk for implant fatigue
breakage, especially in patients with delayed bone union.

In the treatment of subtrochanteric fractures, some
surgeons sometimes use the SIF with the condylar unit.
This implant has two thick locking screws with an angle
of 95° to the body of the implant. The principle of cycli-
cal elastic deformations, described above for DCS, can be
regarded as a risk for fatigue breakage of the condylar SIF
implant, but only for a few weeks, during the initial (rigid)
phase of the fixation (before spontaneous “unlocking” of
the clamps and consequent dynamization of the implant).
Higher range of the cyclical varus deformation in the con-
dylar SIF implant may be considered as a factor for earlier
“unlocking” of the clamps’ initiation, in relation to when
trochanteric SIF implant is used. This would be a hypoth-
esis in some further studies.

Entry-point for condylar SIF locking screws in this way
is located more proximally than entry-point for trochan-
teric SIF lag screws. This feature can make condylar SIF
more desirable in some types of subtrochanteric fractures
than the trochanteric SIF implant.

CONCLUSION

Operative time and fluoroscopy time in internal fixation of
subtrochanteric fractures using a trochanteric SIF implant
have in average lower values than in the use of DCS, PF-
LCP, IM gamma nail, or a 95°-angled blade plate.

It was observed that the operation time in subtrochan-
teric fractures treatment can be similar between the tro-
chanteric SIF and IM gamma nail fixation. Despite rela-
tively short operation time and minimally invasive surgery
in the IM nail method, one should have in mind that ex-
tramedullary fixation can provide more accurate reduction
and fixation in some shapes of subtrochanteric fractures.
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Bpeme onepaumje n uHTpaonepatusHe GpayopocKkonuje Koa pasnnuumTux metoaa
YHyTpawme PUKcaumje CynTpoXxaHTepHUX npenoma

Munan M. Mutkosuh'?, Cawa C. MunerkoBuh'?, ean [. Muumh'? Urop M. Koctuh', Mpegpar M. Crojurbkosuh'?,

Munopag b. Mutkosuh?

'KnuHnukn ueHTap Huw, KnuHuka 3a optoneaujy u tpaymatonorujy, Huw, Cpbuja;

2YHuBep3auTet y Huwy, MegnumHckmn pakyntet, Huw, Cpbuja

CAMETAK

YBop/Lwmb CynTpoxaHTepH MPENomMi Cy HECTaBUITHM NPeoMm
ca TeHAEHLMjOM Ka Bapycy, aHTeKypBaTymy v aepopmMuTeTy
cKkpahetmba.

Linm oBor pafa je ynopehuatbe Ayu1He onepaLmje 1 BpemeHa
VHTpaonepaTtyHe $nyopockonuje n3mehy pasnuuntrix Metoga
YHYTpaLibe GprKcaLmje CynTpoXaHTEPHYX NpesiomMa.

Metope AHanu3upaHa je rpyna of 27 60necH1Ka ca CynTpoxaH-
TEPHVM NPESTIOMOM, KOjii CY IeYEHN YHYTPALLHOM GrKCaLmjom
CY® metofiom (camogmHamusmpajyhiv yHyTpalukm pukcatop
Ca TpoxaHTepHOM jeguHuLom). OBe BPeAHOCTM Cy MOTOM yrno-
pehrBaHe ca BpefHOCTMMA UCTUX MapameTapa 13 iutepatype
3a IM knuH (uHTpamepynapHu KnuH), PF-LCP, DCS n yraoHy
nnovy og 95°.

Pesynrtatn Y CYO rpynu npoceyHa fyuHa onepauyje je 6una
62,2 (25-140) M1HYyTa, a Bpeme UHTpaonepaTnBHe $hnyopocKo-
nuje je 6uno 43 (20-95) cekyHae. Cpenre BpegHOCTM pesynTaTta
13 IUTepaType y Be3u ca BpeMeHoM onepauuje cy bune: 102,1
(43-181) muHyTa 32 UM KnuH, 94,2 (75-129) muHyTa 3a PF-LCP,

DOI: https://doi.org/10.2298/SARH180220042M

105,3 (70-166) muHyTa 3a DCS 1 221,5 (171-272) mnHyTa 3a
yraoHy nnouy. lpoceyHo Tpajarbe MHTpPaonepaTBHe Gpryopoc-
Konuje, npema nutepatypu, 6uno je: 109,6 (34-250) cekyHay 3a
WM knuH, 102,3 (47-180) cekyHpae 3a PF-LCP 1 238 cekyHau 3a
DCS. Bpeme onepauuje 1 MHTpaonepaTtueHe $payopockonuje je
61no 3HauajHo Kpahe Kog CY® rpyne y ogHoCy Ha pe3ynTaTte
OCTanux HaBedeHUxX MeToAa u3 nutepatype (p < 0,05).
3ak/byyvak HaBefeHa pas3nuka y Tpajatby onepauuje n UHTpa-
onepatrBHe dhyopockonuje 61 morna aa ce objacHy NoTpe6-
HVM CTeNneHOM NPEeLn3HOCTY Y NOYETHOj Gpa3u nMnnaHTauuje
dvrKcaumoHor matepujana, kopuwheHnm 6pojem dprKcaLmoHnx
3aBPTHEBA, Kao 1 HauMHOM peno3uLmje npenoma Koju ogpehe-
Ha puKcaumoHa meToaa omoryhasa. Bpeme Tpajara onepauuje
Kop pukcauuje UM KnmHom Hekapia Moxe 61T Kpahe Hero Kog
CYD meToge, WTo ce Moxe objacHNTU ymelwHowwhy xvrpypra aa 'y
Kpahem poKy 13BpLUY 3aTBOPEHY Peno3uLjy CynTpoxaHTepHOr
npeniomMa afeKkBaTHY 3a MiacMpare urie Bogube.

KmbyuHe peun: camogyHammsunpajyhn yHyTpalmby ¢rkcatop;
CyNTPOXaHTePHY NPenoMm; ArHamu3aLmja
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