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Abstract

Introduction Subcutaneous internal fixation (InFix) has become a valid alternative for anterior fixation of pelvic ring injuries.
Complications associated with this technique are lateral femoral cutaneous nerve (LFCN) irritation and anterior thigh pain due to
prominent implants. The aim of this study was to identify a configuration of the InFix that causes the least adverse side effects.
Methods Nineteen patients (6 females, mean age 61 years) with 38 hemipelves were included. Rod-to-bone distance and
symphysis-rod distance were measured on AP- and outlet- radiographs. These distances were analyzed in relation to the primary
outcomes: early removal of the InFix, post-operative complications and damage of the LFCN.

Results Regarding rod-to-bone distance, a distance of 20 to 25 mm causes less complications, LFCN damage and no early
removals of the InFix. Symphysis-to-rod distance analysis showed the best results regarding LFCN damage and other compli-
cations when the rod had a distance of less than 40 mm to the symphysis. A distance more than 40 mm was associated with fewer
early removal of the InFix.

Conclusions Planned optimized configuration of the InFix with a rod-to-bone distance between 20 and 25 mm may reduce

postoperative complications. Regarding LFCN damage, the rod-to-symphysis distance should not be more than 40 mm.
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Introduction

External fixation of pelvic fractures is a commonly known and
established technique for stabilization of pelvic ring fractures
[1, 2]. However, external fixation usually requires secondary
surgery, limits mobilization of the patient and is associated
with pin tract infections in up to 50% [3].

The treatment of pelvic fractures, using subcutaneous
supraacetabular pedicle screw internal fixation (InFix), has
shown to be a good alternative in stabilizing pelvic ring inju-
ries when conventional external fixation is not suited [4-6].
This technique is associated with less infections, longer im-
plant time and can be applied to obese patients, when external
fixation is not practicable [7].

Potential complications of the InFix include damage or
irritation of the lateral femoral cutaneous nerve (LFCN) as
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the rod can compresses the LFCN running lateral to the ped-
icle screw [7]. Other structures like the femoral neurovascular
bundle, the superficial hip flexors and the anterior superficial
skin nerves can also be affected by the rod [8, 9]. This phe-
nomenon has been linked to the distance between the bony
pelvis and the rod, a distance of 2 cm was considered safe, in
terms of less compression of these structures, when sitting and
standing [10].

The optimal anatomical rod-to-bone distance has only been
investigated in cadaver studies and information from in vivo
cases is missing.

Thus, the aim of this study was to investigate the optimal
configuration of the InFix in patients with pelvic ring fractures
who were treated with subcutaneous internal anterior fixation.

Material and methods
Patients

All patients with an unstable pelvic fracture who received
subcutaneous internal anterior fixation at the University
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Hospital of Zurich in the years from 2011 to 2017 were
investigated. Twenty-seven patients from 15 to 88 years
of age met this criteria. Eight patients had not given gen-
eral consent. An adequate follow-up was defined as a
minimum of 12 weeks after surgery, early implant remov-
al of the InFix was defined as less than 90 days after
surgery. This left 19 patients with 38 hemipelves for final
analysis.

Measurements on radiographs

Conventional AP-radiographs of the pelvis were investi-
gated. Measurements of the radiological markers were
performed by the use of ImageJ®. We measured the
length of the pedicle screws and the distance between
the rod and the bony pelvis in the straight line of the
screw in pixels. The screw length known from the opera-
tion reports was then divided by the measured screw
length and multiplied with the measured rod-to-bone dis-
tances (Fig. 1).

To assess the minimal distance between the rod and the
symphysis, outlet radiographs were used (Fig. 2). All mea-
surements were performed by one author (JS) and the final
values were averaged from three repeated measures.

Statistical analysis

Statistics were performed using SPSS 24® (IBM, Armonk,
NY, USA).

Fig. 1 AP projection. a = screw length; b = rod-to-bone distance; a/screw
length x b = rod-to-bone distance
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Fig.2 Outlet projection. a = screw length; b = rod-to-symphysis distance;
a/screw length X b = symphysis-rod distance

After the definition of the exclusion criteria, we did not
have any missing variables for the primary endpoints.
Primary endpoints were defined as LFCN damage (lateral
femoral paraesthesia), early implant removal and other com-
plications. As the InFix usually stays implanted for three
months, we defined an early removal as removal of the
InFix earlier than 90 days after surgery. Complications were
defined as paraesthesia of the anterior or medial femur, when
patients considered the rod as disturbing, deep infections,
loosening of the implant and muscle weakness. Rod-to-bone
distance and symphysis-rod-distance were analysed regarding
the primary endpoints. In a first step of the analysis, we
expressed the mean rod-to-bone distances of the hemipelves.
Afterwards, we investigated two rod-to-bone distance groups:
20-25 mm and hemipelves with a distance of less than 20 mm
or more than 25 mm.

In analysis second, we determined the mean distance be-
tween the symphysis and the rod and the effect on early re-
moval, complications and LFCN damage. Rod-to-symphysis
distances were also divided into two groups: <40 mm and >
40 mm. In this population, outcomes were defined to occur
either on the left or right side because rod-to-symphysis dis-
tance was not hemipelvis-dependent.

Case presentation

Below two cases are added to illustrate the importance of the
bone-to-rod distance.

Case 1 (Fig. 3)

A 90-year-old female patient suffered from a fall from standing
height while working in her kitchen. The CT scan of the pelvis



International Orthopaedics (SICOT) (2019) 43:2161-2166

2163

Fig. 3 Ninety-year-old patient after low-energy trauma. a Initial CT scan showing a LC I fracture. b X-Ray showing full fracture consolidation at last

follow-up before implant removal on the 95th post-surgical day

showed a lateral-compression type I according to Young and
Burgess. (Fig. 3a) Due to a severe coronary artery disease, which
required extensive pre-operative testing and eventually even pre-
operative angioplasty, there was a delay of ten days to the definite
operative treatment. The patient was eventually taken to the op-
erating room and the fracture was treated with a subcutaneous
internal anterior fixator (InFix). This procedure was chosen be-
cause of the poor quality of the intra-operative fluoroscopy,
which did not allow for percutaneous sacral screw fixation.

Three months post-operatively, the patient complained about
pain on the right anterior pelvis. This was especially present in
sitting position. Furthermore, the patient described reduced sen-
sation in the ventral and lateral part of the right upper thigh. The
rod-to-bone distance was 29.15 mm on the right side and
20.76 mm on the left side. All the above led to removal of the
implant 3 months after the initial accident, when full consolida-
tion of the fracture was achieved (Fig. 3b). At the latest clinical
follow-up, three years after the initial trauma, the patient suffered
from another sacral fracture and was treated with a percutaneous
sacral screw fixation. At the point of admission, the patient did
not show any signs of remaining deficits or symptoms regarding
the lateral femoral cutaneous nerve.

Case 2 (Fig. 4)

A 65-year-old female patient that was run over by a car was
admitted to our trauma bay. The whole-body CT scan showed
a poly-traumatized patient with thoracic, abdominal and pel-
vic injuries. In the pelvic region, the patient suffered from a
lateral-compression type III injury according to Young and
Burgess with an accompanying extraperitoneal bladder

rupture (Fig. 4a). Initially, the patient was treated with a
supra-acetabular external fixation, chest drains and a crash-
laparotomy. Due to the need for further abdominal surgery,
the external fixation was converted into a subcutaneous inter-
nal anterior fixation accompanying an abdominal second-
look. After the patient could be stabilized, an iliolumbal
transfixation on the right side was performed to treat the com-
minuted posterior pelvic ring.

The patient never complained of any pain or constraints in
the pelvic region or of reduced sensation in the ventral or
lateral thigh. The rod-to-bone distance was 22.12 mm on the
right side and 22.26 mm on the left side. The InFix was re-
moved six months after surgery, when full consolidation of the
fracture was achieved (Fig. 4b). At the latest clinical follow-
up, two years after the initial injury, the patient did not have
any residual symptoms stemming from the initial trauma or
the operative treatment.

Results

The mean rod-to-bone distance of all hemipelves (n = 38) was
32 mm (SD 10 mm). In the group with more than 25 mm or
less than 20 mm of distance (n = 30), four hemipelves had an
early removal compared to the group with a distance between
20 and 25 mm, where no patient had to undergo early removal
(p=0.275). Twelve out of 30 hemipelves with a rod-to-bone
distance which was not in the range of 20 to 25 mm suffered
from complications post-operatively, whereas also no patient
with a distance of 20 to 25 mm experienced complications
(»p=0.031). Thirteen out of 30 hemipelves with a distance of
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Fig. 4 Sixty-five-year old poly-traumatized patient. a Initial CT scan showing a LC III fracture. b X-Ray showing full fracture consolidation at last

follow-up before implant removal on the 184th post-surgical day

less than 20 mm and more than 25 mm had a significant
LFCN damage after implantation of the InFix system com-
pared to 2/8 of the hemipelves with a rod-to-bone distance
between 20 and 25 mm (p = 0.346) (Fig. 5).

Analysis of the rod-to-symphysis distance (n = 18; outlet X-
ray of one patient missed) showed a mean distance of 50 mm and
a SD of 18 mm. Two out of six patients with a rod-to-symphysis
distance of less than 40 mm underwent an early removal of the
InFix system compared to no early removal when the InFix was
applied at more than 40 mm distance from the symphysis (p =
0.034). Three patients with a distance of less than 40 mm from
the pubic symphysis and five patients with more than 40 mm
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suffered from other complications postoperatively (p =0.737).
Only one patient with less than 40 mm and eight patients with
more than 40 mm had persistent damage of the lateral femoral
cutaneous nerve (p = 0.046) (Fig. 6).

Discussion

The use of subcutaneous screw-rod-systems in unstable
fractures of the pelvis has recently become more popular.
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Fig. 6 Symphysis-rod distance
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Whereas new subcutaneous screw-rod-systems using
Schanz screws have been shown to be a good alternative
for the treatment of posterior pelvic ring disruptions, the
screw-rod-systems using pedicle screws (InFix) have
shown good results in both, anterior and posterior pelvic
ring stabilization [11, 12].

As many authors favour an initial stabilization of anterior
pelvic injuries using a supraacetabular fixator followed by
definite treatment with plates or screws, the InFix can be used
as an initial fixation and definite treatment [12—-14].

Another advantage of the InFix is its conjunctional use with
a laparotomy in unstable pelvic fractures with concomitant
acetabular fractures which have to be treated with open reduc-
tion and internal fixation using plates or screws [12, 14, 15].

The aim of this study was to investigate the clinically op-
timal InFix configuration in patients who suffered from an
unstable pelvic fracture and were treated with a subcutaneous
internal anterior fixation (InFix).

It was shown that a rod-to-bone distance of 20 to
25 mm has the lowest rate of early removal, other com-
plications like compression of the femoral neurovascular
bundle or disturbance by the rod and damage of the
LFCN. This is consistent with a previous study by
Osterhoff et al., who investigated an anatomically optimal
rod-to-bone distance of 20 mm, followed by 30 mm [10].

The authors also suggested that the symphysis-rod dis-
tance has an influence on the patient’s outcome. Patients
with a symphysis-rod distance of more than 40 mm had
no early removal. The best results regarding paraesthesia
of the anterior or medial femur, when patients considered
the rod as disturbing, deep infections, loosening of the
implant and muscle weakness, were shown when the
InFix was set at a distance of less than 40 mm to the
symphysis. The best configuration of the InFix with ref-
erence to the LFCN damage was also found at a distance
of less than 40 mm. All in all, it was not possible to
determine the best symphysis-rod distance. Due to the fact
that a lesion of the LFCN is the most likely complication
of the InFix, a distance of less than 40 mm to the sym-
physis is suggested by the authors.

This study had some limitations. The measurements
were done post-operatively using radiographs which may
cause measurement errors. The study population was rath-
er small and therefore the present study may be
underpowered.

However, the present study has shown that the patients’
outcome could depend on the InFix configuration chosen.
An adjusted InFix system could reduce patients’ post-
operative complications.

Future studies should investigate intra-operative distances
in a prospective study with a bigger collective to gain more
sufficient data.

Conclusion

The rod-to-bone distance in the subcutaneous internal anterior
fixation of the pelvis could have an influence on patient’s
outcome. Based on our findings, we suggest a distance be-
tween 20 and 25 mm. Post-operative complications and
harming of the lateral cutaneous femoral nerve can be reduced
by setting a symphysis-to-rod distance at less than 40 mm.
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