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Abstract

Purpose Aim of this study was to investigate whether limited open auxiliary angle stable plate fixation has an effect on
functional and radiologic outcomes one year after revision intramedullary nailing in aseptic trochanteric and subtrochanteric
fracture nonunion.

Methods In a retrospective analysis, surgically revised aseptic trochanteric and subtrochanteric nonunion was evaluated in
a total of 190 consecutive patients ranging from 18 to 94 years between 12/2005 and 10/2018.

Results One year after revision intramedullary nailing, nonunion healing was assessed in 129 out of 136 patients (95%) in
group 1 without auxiliary plate fixation and in 51 out of 54 patients (94%) in group 2 with auxiliary plating (p =0.23). In
group 1, range of motion (ROM) was unrestricted in 88 patients and still restricted in 48 patients. In group 2, ROM was free
in 34 patients and restricted in 20 patients (p =0.25). The mean Lower Extremity Functional Scale (LEFS) was 56 points in
group 1 and 55 points in group 2 (p =0.55).

Conclusion This study did not demonstrate significant differences in functional and radiologic outcomes following revision
intramedullary nailing of aseptic trochanteric and subtrochanteric fracture nonunion. Limited open auxiliary plate fixation
might be a reasonable option especially in cases of relevant varus axis deviation and comminuted or atypical fracture con-
figurations, regardless of patients’ age.

Retrospectively registered with the German Clinical Trials Register (01/25/2021; ID: DRKS00024112).

Keywords Nonunion - Trochanteric fracture - Subtrochanteric fracture - Femur - Cephalomedullary nail - Auxiliary plate -
Augmentation - Lower Extremity Functional Scale (LEFS)

Introduction

The development of aseptic nonunion following trochan-
teric and subtrochanteric femoral fractures remains a major
challenge for the treating surgeon. Nonunion development
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is based on various factors such as smoking, diabetes mel-
litus, peripheral vascular diseases, or lack of stability in the
fracture area [1, 2], wrong indication for treatment, choice
of the inadequate implant or stabilization technique, and
also the incorrect follow-up treatment [3]. In this study,
aseptic hypertrophic nonunion as a result of inadequate
surgical stabilization and atrophic nonunion as a result of
circulation problems in the fracture site and surrounding
bone were investigated. Basically, nonunion development
requires a careful analysis of the former fracture pattern as
well as a cautious indication and an equally careful planning
of the revision surgery. The main treatment goals are the
restoration of stability and adjustment of the correct axial
and length ratios. The current standard for the treatment of
aseptic trochanteric and subtrochanteric fracture nonunion
is revision intramedullary nailing aiming to change to a
longer and at best large-volume nail [3—8]. The use of an
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intramedullary exchange nail with additional augmentation
plate fixation is a well-known approach for diaphyseal femo-
ral nonunion [8-10]. However, reliable data for trochanteric
and subtrochanteric fracture nonunion despite a few case
series with heterogenous patient collectives is not available
[11-13].

Several studies including own biomechanical investiga-
tions in trochanteric and subtrochanteric fractures treated by
cephalomedullary nailing confirmed that interfragmentary
rotational and shear forces are significantly lower with the
use of an auxiliary plate and that the stability of the entire
construct is significantly higher than in the control group
[14, 15]. The current study intended to prove this procedure
also for the concept of revision intramedullary nailing in
aseptic trochanteric and subtrochanteric fracture nonunion
in a large number of patients. The aim was to investigate
whether auxiliary limited open angle stable plate fixation
has an effect on functional and radiologic results one year
after revision intramedullary nail replacement.

Methods

In a retrospective study, 190 consecutive patients over
18 years old with aseptic trochanteric and subtrochanteric
fracture nonunion between December 2005 and October
2018 in a European level 1 trauma center were included.
Revision surgery was performed using intramedullary nail
replacement without auxiliary plate fixation in group 1 and
with the use of limited open auxiliary plate fixation in group
2 (Fig. la—g).

Diagnostic work-up prior to revision surgery

Only patients without clinical signs of local infection and
without any evidence of infection in the anamnesis were
recorded. Clinical signs of aseptic nonunion included an ina-
bility to perform a full weight load without pain or persistent
instability in the fracture area. Radiologic signs of nonunion
were defined as a lack of bony bridging in at least three of
four cortices assessed on conventional radiographs in antero-
posterior and lateral views. If conventional radiographs were
inconclusive to diagnose nonunion, a computed-tomogra-
phy (CT) scan was performed to determine the presence of
nonunion. Preoperative biplanar radiographs and CT scans,
and intraoperative, postoperative radiographs as well as the
complete medical report were documented. The preopera-
tive work-up for infection also consisted of blood samples
including C-reactive protein and white blood cell values.
Coding of the initial fracture was done independently by two
senior orthopaedic surgeons. The AO/OTA classification
(type 31 A1-3) was used for trochanteric fractures and the
Seinsheimer classification (grade 1-5) for subtrochanteric
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fractures [16]. The currently accepted definition describes
nonunion as a fracture that will not heal without further
medical intervention regardless of the duration of treatment
[1]. Nonunion was differentiated into atrophic and hyper-
trophic according to the radiographic pattern. Besides, iden-
tification of the previous implant and the potential need for
any special equipment required for removal was conducted.

Surgical procedure

All surgical procedures were performed in a standardized
manner under image intensifier control with patients in a
lateral position on a radiolucent operating table according
to the instructions provided by Friederichs et al. [17]. The
surgical measures as well as the procedure and selection of
implants were comparable in both treatment groups. The
inserted fixation material was removed through the present
approach. In the case of a varus or flexion deviation, the axis
was corrected via the new implant. In each case, the medul-
lary canal was reamed. If no new entry point was required,
the same entry canal was overreamed slightly more pos-
teromedially. The overreaming of the nonunion area was
accomplished stepwise. A revision intramedullary nail as
long and thick as possible was applied. The inserted revision
nail was used in both treatment groups according to manu-
facturer’s instructions (Gamma3 Nailing System, Stryker
Corp., Kalamazoo, MI, USA; TRIGEN INTERTAN, Smith
& Nephew Inc., Memphis, TN, USA). The revision implant
in each case was selected by the treating surgeon. The aim
was (1) to avoid the position of the previous intramedullary
nail and (2) to improve stability by positioning the revision
nail in stable bone depending on type and position of the
previous nail. The nonunion area was debrided via limited
exposure, followed by subsequent internal fixation using an
angle stable 3.5 mm small fragment plate (LCP, Synthes
GmbH, Oberdorf, Switzerland) [18]. The optional use of
additional autologous cancellous bone harvested from the
ipsilateral iliac crest was dependent on the discretion of the
treating surgeon. It was based on the size and extent of the
bone loss and the vitality and quality of the tissue in the
nonunion area.

Intraoperatively, tissue samples were collected for histo-
pathological and microbiological examination either from
the reaming debris in group 1 or directly from the nonunion
tissue in group 2 to exclude an inflammatory cause for non-
union development [19]. After sample collection, a single
prophylactic antibiotic administration was applied based on
the clinic protocol. Aftercare was conducted using the same
rehabilitation protocol allowing early weight bearing in all
patients [20]. Septic nonunion, nonunion based on patho-
logic or periprosthetic fractures, and nonunion treated by an
external fixation procedure were excluded from this study.
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Fig.1 a 79-year-old male after fall on right hip with reversed tro-
chanteric fracture. b Primary surgery including open reduction and
internal fixation using the extended version of a cephalomedullary
nail and auxiliary cerclage. ¢ Failure of osseous healing 3 months
postoperatively and breakage of the cephalomedullary nail and one
of the distal locking screws. d Primary surgical revision using the
extended version of a triangular cephalomedullary exchange nail and

a renewed auxiliary cerclage following removal of the broken cepha-
lomedullary nail and cerclage. e Nine months after primary surgical
revision breakage of the cephalomedullary exchange nail including
distal locking screw occurred. f Repeated revision including renewed
cephalomedullary exchange nailing and limited open auxiliary angle
stable plate fixation of the lateral trochanteric cortex. g Nonunion
healing four months after repeated revision surgery
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Besides, patients under 18 years of age and patients unable
to provide written informed consent were excluded.

Follow-up

Patients were followed-up functionally and radiologically
at 6 weeks, 3 months and 12 months after surgical revi-
sion in the outpatient department of the hospital. Functional
outcome and patient satisfaction were observed using the
Lower Extremity Functional Scale (LEFS) [21]. This score
consists of 20 items, each with a maximum score of 4 points.
The total possible score of 80 points indicates a high func-
tional level of the lower extremity. Range of motion (ROM)
of the hip joint was assessed using the neutral zero pas-
sage method [22]. Radiologic follow-up was assessed using
anterior—posterior and lateral radiographs. Bone healing was
defined as the ability to bear full weight without pain, stabil-
ity at the former nonunion site, formation of bridging callus
at all four cortices, and absence of fracture lines [23]. The
cervicodiaphyseal angle (CDA) was measured between the
femoral shaft axis and the femoral neck axis, normally rang-
ing between 110° and 140°, with an average of 128° (female
127°, male 132°). Varus axis deviation is associated with an
angle less than the normal range, and valgus axis deviation
with an angle greater than the normal range.

Statistical analysis

Data were managed using Excel® for Windows® (Micro-
soft Corp., Redmond, WA, USA). IBM SPSS® Statistics
for Windows (IBM Corp., Armonk, New York, USA) was
used for statistical analysis. Test for normal distribution
was performed using the Shapiro—Wilk test. Chi-squared
test (gender, type of nonunion, nonunion healing, ROM,
implant failure), Mann—Whitney test (Fracture type, radio-
graphic classification, LEFS) and Student’s ¢ test (age, time
between initial and revision surgery) were used for statistical
analysis. A result was considered to be statistically signifi-
cant with p value < 0.05.

Results

Patients’ basic data are presented in Table 1. Group 1
included 136 out of 190 patients (33 female, 103 male),
group 2 included the remaining 54 patients (17 female, 37
male). Mean age of patients was 45.3 +16.3 years in group
1 versus 56.4 + 17.7 years in group 2 and ranged from 18 to
94 years. In 135 out of 190 patients, initial fracture care was
performed in an outside institution, whereas in the remaining
55 patients, initial treatment was carried out at our hospital.

According to the AO/OTA classification, group 1 demon-
strated a distribution pattern of 9 A1, 20 A2, and 14 A3 frac-
tures. According to the Seinsheimer classification, 29 Grade
1, 12 Grade 2a, 12 Grade 2c, 17 Grade 3a, 17 Grade 3b, and
6 Grade 4 fractures were coded. In 86 cases, a single cepha-
lomedullary nail was used in the initial procedure. Seventeen
patients received a cephalomedullary nail with additional
cerclage. Nineteen fractures were treated initially using an
antegrade femoral nail with additional cerclage. In seven
patients, a retrograde nail was used. In four cases, fractures
were fixed by Dynamic Hip Screw (DHS), in two cases by
a curved condylar plate, and in one case by an angled blade
plate. In group 1, nonunion was classified as hypertrophic
in 117 cases and as atrophic in 19 cases.

In group 2, 9 patients had an Al fracture, 12 patients an
A2 fracture, and 13 patients an A3 fracture. According to
the Seinsheimer classification, 12 Grade 1, 1 Grade 2a, 3
Grade 3b, and 4 Grade 4 fractures were coded. In group 2,
20 patients were treated initially using a cephalomedullary
nail. In 19 patients, an auxiliary cerclage was applied to the
intramedullary nail. Seven fractures were treated using an
antegrade femoral nail with additional cerclage. A retrograde
nail was used in three patients, and a DHS in two patients.
Two patients were treated by a curved condylar plate and
one remaining patient by an angled blade plate. In group 2,
nonunion was classified as hypertrophic in 50 patients and
as atrophic in four patients.

Prior to surgical revision, in group 1, 20 patients
reported permanent pain, 101 patients reported pain on

Table 1 Comparison of

8 , Parameter
patients’ general data between

Group 1 (n=136) Group 2 (n=54)

the treatment groups (data
presented as ratios or as
mean =+ standard deviation)

Age (years)
Gender (female/male)

Fracture type (trochanteric/ subtrochanteric)

Trochanteric fracture (AO/OTA A1/ A2/ A3)

Subtrochanteric fracture (Seinsheimer Grade 1/2a/2c/3a/3b/4)
Type of nonunion (hypertrophic/atrophic)

Range of time between initial and revision surgery (months)
CDA prior to revision surgery (degree)

CDA after revision surgery (degree)

453+16.3 56.4+17.7
33/103 17/37
43/93 34/20
9/20/14 9/12/13
29/12/12/17/17/6 12/1/0/3/4
117/ 19 50/ 4
11.5+84 16.2+15
124+3.1 123+2.1
125+2.6 130+4.8
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exertion, and 15 patients were not able to move without
walking aids. In group 2, 19 patients described permanent
pain, 32 patients reported pain on exertion, and 3 patients
were able to move only with the use of crutches before
revision surgery.

Revision intramedullary nailing without auxiliary plate
fixation in group 1 was performed after 11.5 + 8.4 months
following initial fracture stabilization using an extended
cephalomedullary nail in 114 patients (91 X Gamma3
280-440 mm; 23 X TRIGEN INTERTAN 260-460 mm).
In 7 patients, an antegrade femoral nail (T2 GTN, Stryker
Corp., Kalamazoo, MI, USA) and in 15 patients an extended
cephalomedullary nail with supplemental cerclage was used.
Supplemental osteoinductive autologous cancellous bone
from the iliac crest was applied in 30 patients. Twenty-five
hypertrophic and 5 atrophic nonunion cases were found in
these 30 patients.

In group 2, intramedullary nail replacement combined
with auxiliary plate fixation was performed 16.2 + 15 months
following initial surgical fracture treatment (p =0.04).
Auxiliary plate fixation without replacement of the initial
intramedullary nail was carried out in 10 patients [9]. In 33
patients, the previously inserted nail was replaced using an
extended Gamma3 cephalomedullary nail. T2 GTN ante-
grade femoral nailing was used in the remaining 11 patients.
Autologous cancellous bone graft was additionally applied
in 36 patients, in 34 cases of hypertrophic and in 2 cases of
atrophic nonunion.

The mean CDA was 124° +3.1° preoperatively versus
125° +2.6° postoperatively with a mean valgus correction
of 1°in group 1 (p=0.072) and 123° +2.1° preoperatively
versus 130° +4.8° postoperatively with a mean valgus cor-
rection of 7° in group 2 (p=0.001) (Table 1).

One year after surgical revision, radiologic follow-up
examination of group 1 demonstrated nonunion healing in
129 out of 136 patients (95%). In seven patients (3 X AO/
OTA 31A1, 1x31A2,2x31A3, 1 X Seinsheimer 2a), there
was no healing tendency. Fifteen patients underwent one
or more additional revision surgeries in the postoperative
course due to implant failure or persistent pain (Table 2).
In group 2, nonunion healing was assessed radiologically
in 51 out of 54 patients (94%; p=0.23; Table 2). In three
remaining patients (1 X AO/OTA 31A3, 1 x Seinsheimer
2a, 1 x Seinsheimer 3b), there was no healing tendency. In
this group, the fixation material had to be replaced once

again in nine patients due to implant failure or persistent
pain (p=0.29).

In the final follow-up, functional outcomes correlated
with these results (Table 2): In group 1, unrestricted ROM
of the hip joint was achieved in 88 patients and was still
restricted in 48 patients. In group 2, ROM was free in
34 patients and still restricted in 20 patients (p =0.25).
Functional outcome according to the LEFS demonstrated
56 points in group 1 compared with 55 points in group 2
(p=0.55).

Discussion

The aim of the present study was to compare functional and
radiologic results following surgical revision of aseptic tro-
chanteric and subtrochanteric nonunion using intramedullary
nail replacement with and without auxiliary plate fixation.
The results of this study demonstrated comparable very good
radiologic healing rates in both treatment groups. Encour-
agingly, good functional outcome and patient satisfaction
were evaluated for both treatment groups, independent of
patients’ age.

Basically, several biomechanical peculiarities for the
treating surgeon have to be considered, which may affect
fracture healing at the proximal femur. First, there is sig-
nificant varus stress on the proximal femur under loading,
and second, it is largely composed of cortical bone, which
is why osseous union is achieved slowly [24]. For these and
other reasons, trochanteric and subtrochanteric fractures
in particular are more at risk of developing nonunion than
other fractures. Previous studies reported a nonunion rate
of up to 20% for unstable trochanteric and subtrochanteric
fractures and described that intramedullary force carriers
were able to achieve higher rates of osseous healing with
lower complication rates than extramedullary implants [3].
Revision intramedullary nailing has been established as a
superior surgical approach for the treatment of aseptic tro-
chanteric and subtrochanteric fracture nonunion due to the
interplay of multiple causes including malalignment, bone
loss, implant breakage, and lack of blood supply [25]. How-
ever, there is still a lack of agreement, even for the method
of intramedullary nail replacement, as to how this approach
to the problem is best accomplished in detail.

Table2 Comparison of

functional and radiologic 1-year
follow-up between the treatment
groups (data presented as ratios

or as mean = standard deviation)

Parameter Group 1 (n=136) Group 2 (n=54) P value
Radiologic nonunion healing (yes/no) 129/7 51/3 0.23
ROM [22] (free/restricted) 88/48 34/20 0.25
LEFS [21] (points) 56+20 55+19 0.55
Revision implant failure (yes/no) 15 9 0.29
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Whereas in femoral shaft fractures healing usually depends
on axial position and loading as an impulse for osseous union,
the situation is different for unstable trochanteric and subtro-
chanteric fractures. Here, the goal of surgical therapy is to give
the fracture as much stability as possible in the correct axial
and rotational position to allow fracture healing. Therefore,
nonunion revision is aiming slight valgization with an ana-
tomical rotational position. Limited open auxiliary angle stable
plate fixation of the lateral cortex has proven to be a comple-
mentary tool to the revision concept of revision intramedullary
nailing. In contrast to the femoral diaphysis, where gradual
reaming of the medullary canal is the decisive factor of the
revision concept [26, 27], the distance between the nail entry
point and the nonunion area on the proximal femur is too short.
In this context, angle stable auxiliary plate not only has the
task of securing reduction, but also of increasing overall sta-
bility of the whole static construct in the correct axial and
rotational position [28].

The time between surgical revision and nonunion heal-
ing did not reveal significant differences. A larger correction
value was recognizable in the group with auxiliary plate than
in the group without plate. In so far, a trend could be observed
that the more complex fracture nonunion cases were treated
in the group with auxiliary plate. There were no significant
differences between the study groups in terms of complica-
tions. This fact suggests that although auxiliary plate fixation
is a supplementary intraoperative measure, it may not lead
to increased complication rates. Furthermore, there was no
discernible relationship between healing rates and nonunion
type. This might suggest that the use of an auxiliary plate may
depend more on the decision of the treating surgeon, based on
his or her functional experience, than on the definitive indica-
tion. Since the use of an auxiliary plate in this study was not
associated with increased complication rates, its age independ-
ent use can be recommended despite the slightly increased
intraoperative effort especially in cases of comminuted or
atypical fracture pattern or in cases of limited possibility of
axis and rotation correction during revision nailing.

Nevertheless, the study has some limitations such as its
retrospective nature. Accordingly, it was not possible to rand-
omize age, gender and indication for the additional use of an
auxiliary plate. Advantages are the exceedingly large cohort
size and the fact that all patients were treated by the same
team of surgeons in the same clinic according to the same
treatment and aftercare protocol. Considering that even the
cases of subtrochanteric nonunion are very rare and difficult
to collect and that only few cases are available in literature at
all, the results of this study with a follow-up of consecutive
patients are significant.
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Conclusion

Functional and radiologic results following surgical revi-
sion of trochanteric and subtrochanteric aseptic nonunion
using intramedullary nail replacement with and without
limited open auxiliary angle stable plate fixation were
good in this large patient cohort. Overall, significant dif-
ferences between intramedullary nail replacement alone
and the use of auxiliary plating could not be assessed.
Nevertheless, this procedure might be a reasonable option
especially in cases of relevant varus axis deviation and
comminuted or atypical fracture configurations, regardless
of patients’ age.
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