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A B S T R A C T

Background: A great variety of methods for the stabilisation of periprosthetic fractures around total hip

(THA) or total knee arthroplasty (TKA) have been described. We present the data of our experience in

combining a polyaxial, anatomical locking plate with a standardised less invasive technique in the

treatment of periprosthetic and peri-implant (femoral nail) femur fractures in this prospective study.

Patients and methods: A consecutive series of 41 patients (33 women; age 79.8 � 11 years) with 41

fractures (n = 17 periprosthetic THA, n = 10 periprosthetic TKA, n = 3 interprosthetic, n = 11 perinail) was

treated in a ‘mini-open’ (MO; direct reduction of the fracture and percutaneous plate fixation in two-part

fractures; n = 22) or a ‘minimally invasive’ (MI; indirect reduction and percutaneous fixation; n = 19)

technique. All patients were followed up for 12 months postoperatively.

Results: The polyaxial locking mechanism allowed for the setting of a mean of 5.3 screws around an

intramedullary implant. Supported by the less invasive strategy, mainly long plates (n = 36; 88% were

longer than 24 cm) were applied without relevant soft-tissue complication. Five surgical revisions

(12.1%) had to be performed. During the first postoperative stay, one seroma was evacuated and in two

cases the plate broke due to failed biological healing 6 months after the MO technique. In one case, a

revision prosthesis had to be implanted due to ligamentous instability, and in another case, soft-tissue

balancing of the patella was performed. In the MO group, four of the five complications requiring surgical

revision were seen. There was no infection. No statistical difference was seen between the MO and the MI

groups for operating room (OR) time and perioperative need for transfusion. In patients with a poor state

of health (n = 8; immobile and Glasgow Coma Outcome Scale = 3), no local complications were seen. All

fractures in the peri-implant fracture group (n = 11) healed uneventfully.

Conclusion: Periprosthetic fracture fixation can be performed as part of a standardised less invasive

strategy, but the MI technique should be the preferred treatment. The NCB1 system allows for a stable

plate fixation around an intramedullary implant. With the less invasive technique, long plates can be

applied with low rates of soft-tissue complication and implant failure.

� 2012 Elsevier Ltd. All rights reserved.
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Introduction

In an ageing population with prolonged life expectancy, there
will be an increasing demand for joint arthroplasty for osteoar-
thritis or femoral neck fractures. In Germany about 300,000
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primary hip and knee arthroplasties due to arthrosis and 100,000
arthroplasties after femoral neck fracture are performed every
year.1,2 At the same time, the incidence for revision surgery after
joint replacement increases. About 25,000 revisions of hip
arthroplasties and more than 10,000 revisions of knee arthroplasty
surgeries are performed with an annual increase of about 10% in
Germany.1 The incidence of periprosthetic fractures (PPFs) after
knee and hip arthroplasty amounts to up to 2.5% and increases to
38% after revision surgery.3–7

Because of the high complication rate along with the need for
early mobilisation, non-operative treatment of PPFs of the femur
cannot be recommended for aged patients in most of the cases.8

On the other hand, even in the recent literature, important
complication rates up to 41% and revision rates up to 29% are
reported for surgical treatment of PPFs.9–14
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Fig. 1. a.p. (a) and lateral (b) view of a Rorabeck type 2 and OTA 33-A1 fracture of a

hinged TKA in a 76 year old female patient. Because of the stem and the box there is

only limited bone stock in the distal femur (b).
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Various reasons may account for possible postoperative
problems:

- Bone quality is poor due to underlying osteoporosis.
- Stable fixation is difficult to achieve in areas with an

intramedullary implant.
- Fracture healing is significantly delayed in aged patients.15

- Prosthesis loosening may precede the fracture.

Surgical strategies are directed by the question of whether the
prosthesis is stable. In a loose prosthesis, exchange for a revision
prosthesis is commonly the treatment of choice.16,17 In these
situations, the fixation of the revision implant has to be secured by
long stems or a mega (tumour-)prosthesis that are well fixed in the
diaphysis of the femur.

In stable implants, the primary strategies aim for fracture
stabilisation, leaving the original prosthesis in place. To date, a
variety of strategies for fracture fixation have been described. The
results of conventional non-locking implants have been mostly
poor with complication rates up to 53%.8 Therefore, today,
monoaxial locking plates are strongly recommended in compli-
cated osteoporotic fractures. Although this offers a more stable
fixation, the complication rates still remain high with up to 29%
failure.9–14

As monoaxial plating systems are sometimes difficult to fix in
regions with an intramedullary implant, additional devices such
as cerclages are recommended to provide stable fixation.
Historically, it has been suggested that the open technique in
combination with cerclage may lead to a strangulation of
periosteal vascularisation, resulting in bone necrosis and non-
union.18–20 However, cerclage application may be performed
percutaneously with minor impairment of periosteal perfusion
and good results.21

As an alternative to cerclage fixation, the development of
polyaxial screws and precontoured periarticular (periprosthetic)
plates might be an advantage in improving PPF fixation.22–24

In order to preserve the perfusion of bone and surrounding
tissue in fractures, ‘minimally invasive’ strategies are recom-
mended by some authors.12–14,23

To date, reduced and ‘minimally invasive’ surgical (MIS)
techniques have been introduced based on better anatomical
understanding as well as better perioperative and intra-operative
visualisation technology. Therefore, for various musculoskeletal
trauma indications, the perioperative risks and the local soft-tissue
damage have been reduced even for the stabilisation of ‘central
injuries’ such as the shoulder and the spine.25–27 Nevertheless, MIS
strategies in PPF fixation remain challenging with respect to
reduction and fixation techniques.

Along with a growing number of pertrochanteric fractures (in
Germany approximately 100,000 per year), more and more peri-
implant fractures (PIFs) at the level of a proximal femur nail are
seen.2 As the problem of fixation can be compared to the
situation of an intramedullary prosthetic implant, these cases
were included in this study. The primary aim of the presented
study is the description of our experience in combining a
precontoured periarticular polyaxial plating system with a
standardised less invasive approach for the treatment of PPFs
and PIFs. As there is a high inhomogeneity in patients treated
for this fracture type with respect to the local (e.g., type of
prosthesis) and the general (e.g., mobility of the patient) states,
we tried to structure the paper based on the following sub-
items:

- S1: impact of two standardised procedures for less invasive PPF/
PIF fixation,

- S2: application of polyaxial locking screws in PPF/PIF fixation,
- S3: impact of a new PPF plate and
- S4: radiological healing, outcome and mobility after 12 months.

The study was approved by the ethical committee of the
Hospital of the University of Giessen and Marburg; location
Marburg (Nr. 110/10).

Patients and methods

From February 2008 to February 2011, a consecutive cohort of
41 patients with 41 PPFs or peri-implant femoral fractures was
operated on and prospectively documented at the authors’
institution. Informed consent was obtained from all the patients
or their relatives.

Patients were excluded from the study in cases of:

- loose hip or knee prosthesis (Vancouver type B2 and B3 or
Rorabeck type 3),

- pathological fracture caused by local malignant destruction of
the bone and

- PIFs with proximal failure of fixation.

In all cases, the stability of the prosthesis was evaluated by
preoperative X-ray and clinical evaluation (e.g., history of pain
before the fracture). The classification of the PPFs was based on the
Vancouver classification17 in the proximal femur and on the
Rorabeck classification16 in the distal femur. In order to plan the
surgical approach, the Orthopaedic Trauma Association (OTA)
classification of femur fractures (types 32 and 33) was applied.

All early and late complications were documented based on a
standardised evaluation.

Surgical techniques (S1)

Two operative techniques are defined: (a) the ‘mini-open’
technique and (b) the ‘minimally invasive’ technique.

The ‘mini-open’ approach is indicated in two-part long spiral
fractures (Fig. 1(a) and (b)) classified as OTA type 32 or 33-A1
fractures.

The ‘minimally invasive’ approach was applied to all other
fracture types, mainly multifragmented fractures or short oblique
fractures. When the surgeon is not able to reduce such a fracture by



Fig. 2. Intraoperative pictures demonstrating the Mini-Open technique of open

reduction with cerclage fixation (a) and stabilisation by a periprosthetic polyaxial

locking plate (NCB PP; b). 3 distal locking screws were placed around the stem (c).

Fig. 3. Follow-up X-ray pictures at 6 months after surgery. Because of the fixation

with 3 distal screws one additional cerclage was set around stem and plate.

S. Ruchholtz et al. / Injury, Int. J. Care Injured 44 (2013) 239–248 241
a ‘minimally invasive’ approach, a ‘mini-open’ approach could be
performed.

(a) ‘Mini-open’ technique: Before the NCB1 plate was inserted,
an open reduction and temporary fracture fixation was performed.
For this step, an incision at the level of the fracture was made that
was sufficiently long to expose the fracture region. The two
fragments were reduced with the help of forceps until anatomical
alignment of axis and rotation was achieved. The reduction forceps
was then replaced by one or two cerclages (Fig. 2(a)).

After this step, the plate was inserted and temporarily fixed
with K-wires proximally and distally. Before the screws were set, a
lateral view to control the plate position was performed by use of
the intensifier (Fig. 2(b) and (c)).

The screws in the diaphyseal region were inserted percutane-
ously. The femur was not exposed in the diaphyseal area (Fig. 3(a)
and (b)). All screws were locked.

(b) ‘Minimally invasive’ technique: The concept of this
technique is a totally closed reduction (Fig. 4(a) and (b)). This
was achieved by either ligamentotaxis and/or the application of
the plate as a template. Therefore, correct alignment by axial
traction was maintained throughout the whole procedure. Traction
was exerted by the assistant surgeon. In cases with mid-shaft
fractures, a traction table was used.

After closed reduction, the plate was inserted on the level of the
prosthesis after a short 3–4 cm incision. The broad part of the plate
Fig. 4. a.p. view of a Vancouver type 3 and OTA 32-A2 fracture around an

uncemented THA in a 59 year old male patient.



Fig. 5. Intraoperative picture of a minimally invasive insertion of a periprosthetic

plate (NCB PP).

Fig. 7. Follow-up X-ray picture at 6 months after surgery. 8 proximal locking screws

were placed around the prosthesis.
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(the metaphyseal end) was placed on the fragment where the
prosthesis was in place (Fig. 5).

After this step, the plate was temporarily fixed with K-wires
proximally and distally (Fig. 6(a) and (b)). Before the screws were set,
a lateral view to control the plate position was performed with the
intensifier.

By setting the shaft screws, the plate was used as a reduction
tool (Fig. 6(c) and (d)). The screws were locked with a cap when the
plate was running parallel to the diaphysis.

Before the screws were placed in the metaphyseal area, a control
of the axis was performed, using in our institution, the ‘cable
technique’.28 With this method, the straightened cable of the electric
coagulation device simulates the mechanical axis. Correct reduction
was achieved when the intensifier showed that the cable was
running through the centres of the hip, knee and ankle. Thereafter,
the screws were set in the metaphyseal region (Fig. 7(a) and (b)).
Fig. 6. Intraoperative X-ray pictures demonstrating the MI technique of closed reductio

fragments by the screws through the plate (c and d).
Locking mechanism and implant (S2 and S3)

All fractures were treated with an anatomical polyaxial locking
plating system, NCB1 (Non-Contact Bridging Plate, Zimmer Inc.,
Winterthur, Switzerland). The implant offers the possibility of a
polyaxial locking screw fixation up to 158 in any direction to the
plate level (full range, 308). This design allows a reduction of bony
fragments in the direction of the plate by the screws before they
are locked. Intramedullary implants can be ‘bypassed’ by the
screw. The angular stability is achieved by fixing the head of the
screw with an additional cap threaded into the plate.

The plate is preformed for the left and right sides. The NCB–
DF1 (Non-Contact Bridging Plate–Distal Femur) is made from
n with temporary proximal and distal plate fixation (a and b) and reduction of the



Table 1
Fracture types and applied operative techniques.

Fracture type Classification or implant OR-technique

Periprosthetic hip-#; n = 17 Vancouver B1: n = 10

Vancouver C: n = 7

Type B1: Mini-open: n = 5; minimally invasive: n = 5

Type C: Mini-open: n = 2; minimally invasive: n = 5

Periprosthetic knee-#; n = 10 Rorabeck II: n = 10 Mini-open: n = 3; minimally invasive: n = 7

Interprosthetic-#; n = 3 (Vancouver C: n = 3)

(Rorabeck II: n = 3)

Mini-open: n = 2; minimally invasive: n = 1

Peri implant-#; n = 11 Proximal femur nail: n = 10

Femur nail (long): n = 1

Mini-open: n = 8; minimally invasive: n = 2

S. Ruchholtz et al. / Injury, Int. J. Care Injured 44 (2013) 239–248 243
titanium (cp Ti) and is available in three different lengths:
167 mm (five holes in the diaphyseal part), 246 mm (nine holes)
and 324 mm (13 holes).

From September 2010 on, the modified periprosthetic plate
(NCB–PP1) with the same locking mechanism but a broader
metaphyseal area (Fig. 2(c)) and configurations for the proximal
femur was used. This plate is available with 12, 15 and 18
diaphyseal holes. Before the introduction of the NCB–PP1, a
contralateral NCB–DF1 was applied in an antegrade insertion
technique in cases with a Vancouver B1 fracture.

It was the goal to apply in both the diaphyseal and the
metaphyseal areas of the femur at least four locked screws with
eight cortices. If a screw had to bypass a thick (uncemented)
prosthesis, it happened that it fixed only one cortex. Under these
circumstances, the number of screws was augmented or additional
cerclages were set around both the plate and the bone (Figs. 3(a) and
7(a)).

Complications and follow-up (S4)

All patients were mobilised out of bed during the first
postoperative days. Full weight bearing, though, was not allowed
during the first 6 weeks. The first clinical and radiological follow-
ups were performed after 6 weeks, before the start of full weight
bearing. Because it was difficult to motivate geriatric patients to
come to a follow-up, only two additional dates (at 6 and 12 months
after the operation) were planned.

If the patient was not willing or able to present at the follow-up
at 12 months, a structured telephone interview with the patient, a
close relative or the patient’s physician was performed.

The Glasgow Outcome Scale (GOS29) was used to determine the
general outcome and to compare the gross status of pre- and post-
operative activity.

Statistical analysis

For statistical analysis, both Microsoft Excel 2007 and Statistical
Package for the Social Sciences (SPSS) Statistics 17.0 were used.
Groups without normal distribution were evaluated by performing
the Mann–Whitney U test. A p-level of �0.05 was set as being
statistically significant.

Results

The cohort of 41 patients comprised 33 women and eight men.
Their age averaged 79.8 � 11 years; 37 patients were 70 or more years
old. According to the advanced age, 39 (95%) patients presented with
1–6 (mean 2.4) important pre-existing medical conditions (e.g.,
diabetes and hypertension). The American Society of Anaesthesiolo-
gists (ASA) classification with a mean score of 2.8 � 0.6 revealed that
most of the patients presented with a high perioperative risk for
complications.
In 23 cases the right side and in 18 cases the left side was
affected.

Mechanism of injury

In 33 patients, the fracture was caused by a fall from low height
(during walking or getting out of bed). In six cases, no adequate
mechanism of injury could be reported. In two patients, the fracture
was detected in the postoperative X-ray 4 days after an operative
procedure (1� proximal femur nail; 1� total hip arthroplasty, THA).

Fracture types and implants

The PPF group comprised 17 isolated periprosthetic THA
fractures (10� Vancouver type B1 and 7� type C), 10 isolated
periprosthetic total knee arthroplasty (TKA) fractures (Rorabeck
type 2 only) and three interprosthetic fractures (Vancouver type C
and Rorabeck type 2) (Table 1). Among the periprosthetic THA
fractures, there were eight uncemented and 12 cemented
prostheses, and in the TKA group three patients had an
intramedullary stem fixation. The prostheses were implanted
before the fracture at a mean of 72.7 months (1–205 months).

In the PIF group (n = 11), there were 10 proximal intramedul-
lary pertrochanteric femur nails and one nail for knee arthrodesis
(Table 1; Fig. 8(a) and (b)).

Surgical techniques (S1)

The time interval between trauma and surgery was 25.8 � 20 h
on average. The earliest operation was performed 3 h after the injury;
the longest time interval was 12 days.

Depending on the fracture type, in 22 cases a ‘mini-open’ (MO
group) and in 19 cases a ‘minimally invasive’ (MI group) procedure
was performed (Table 2). There were no statistically significant
differences between the two groups. Nevertheless, a tendency
towards a longer operation time (cut to closure) in the MO group
(116.7 vs. 97.1 min) was documented. The duration of intra-
operative use of X-ray was not significantly different (3.3 vs.
2.8 min). No significant differences were found with respect to the
need for transfusion during the operation and the postoperative
24 h (MO 59% vs. MI 42%), or the length of the postoperative stay in
the ICU (MO 52 vs. MI 73 h) (Table 2).

Fixation techniques (S2 and S3)

In 34 (83%) cases, there was an intramedullary implant in the
distal or proximal femur that interfered with the screw placement.
In addition, seven patients had resurfacing TKA without an
intramedullary fixation.

The fixation of the plate to the bone was achieved by 5.4 screws
on the prosthetic/implant side and by 5.7 screws on the diaphyseal
side. If an intramedullary stem/implant had to be bypassed, an
average of 5.3 screws could be set. In 10 (24%) cases, one additional



Fig. 8. Preoperative and postoperative view (6 months after MO-technique) of a peri-implant (proximal femur nail) combined fracture – OTA 32-A3 shaft fracture and

undisplaced distal femur facture.
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cerclage was used to fix the plate to the fragment (Fig. 3(a) and (b)).
In all but one case, these cerclages were used when a ‘mini-open’
technique was applied.

In 31 cases the NCB–DF1 and in 10 cases the NCB–PP1 plate
was applied, respectively. There was a small difference between
the types of plates with respect to the amount of peristem/peri-
implant screws (NCB–DF1 4.8 vs. NCB–PP1 6.3).

Before the introduction of the NCB–PP1 plate, in five cases a
reverse contralateral NCB–DF1 was applied to fix a PP–THA
fracture.

Postoperative course (S4)

The stay in hospital averaged 16.7 � 8 days. Only one patient had
to be revised during the first stay in hospital (see procedure-related
Table 2
Operative and postoperative data comparing the mini-open (MO) and the minimally in

Surgical technique Agea OR timea

MO

n = 22

80.1 � 8 years 116.7 � 39 min 

MI

n = 19

79.5 � 14 years 97.1 � 39 min 

p = 0.871 p = 0.117 

a Mean and standard deviation.

Table 3
Complications within 12 months after the surgery.

Surgical technique Minor complicationa

n = 3 (7%)

MO-group

n = 22

Temporary lesion of the femoral nerv

MI-group

n = 19

158 malrotation: n = 1

158 valgus deformity: n = 1

a No surgical management.
b Surgical management.
complications). Nevertheless, the rate of general postoperative
complications was high; 24 (59%) patients developed 1–3 (mean
1.2) important postoperative complications (e.g., urinary tract
infection), but there was no fatality in the whole group. After
treatment in our department, 21 patients were referred to another
hospital for geriatric rehabilitation while 20 patients returned to their
private homes or to nursing homes for ambulant rehabilitation.

Procedure-related complications (S4)

The mortality rate after 12 months was high at 22% (n = 9). The
patients who died were older (mean age 87 vs. 78 years) and in
worse medical condition (mean ASA score 3.2 vs. 2.7) than the
survivors. No death was caused by any implant-related procedure.
All deaths occurred within the first 6 months after surgery (average
vasive (MI) procedure.

Intraopertive

X-ray timea

Perioperative

(24 h)a PRBC

ICU-stay hoursa

3.1 � 1 min 2.4 � 2 PRBC

(n = 13; 59% patients)

52.2 � 67 h

(n = 17; 77% patients)

2.4 � 2 min 3.1 � 1 PRBC

(n = 8; 42% patients)

73.0 � 58 h (

n = 12; 63% patients)

p = 0.287 p = 0.303 p = 0.394

Major complicationb

n = 5 (12%)

e: n = 1 Fracture of the plate: n = 2

Malrotation (208): n = 1

Seroma: n = 1

Lateral ligamentous instability in TKA: n = 1



Fig. 9. a.p. and lateral view of a fracture of the plate after 6 months in a 79 years old

female patient with a Rorabeck type 2 and OTA 32-A3 fracture that was stabilised

with cerclage and polyaxial distal femur locking plate (NCB–DF).
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3.2 months). Except for one 88-year-old woman, all surviving
patients consented to share the information about their actual
state for the study follow-up.

During the follow-up period of 12 months, three (7%) minor (no
surgical treatment) and five (12%) major complications (surgical
management) were detected (Table 3). Among the three complica-
tions that were treated non-operatively, one patient postoperatively
showed a temporary lesion of the femoral nerve, but the weakness of
the quadriceps muscles disappeared during the 2 postoperative
months. In an 86- and a 92-year-old patient, both already bound to
wheelchairs before the operation, a postoperative internal rotation of
158 in one and a 158 valgus deformation in the other was documented
clinically and radiologically (CT scan). Because of the patients’ low
degree of mobility, an operative correction was not performed.

In five (12%) cases, a surgical revision was required (Table 3). In
one patient, after the MO technique, a seroma was evacuated
during the first stay in hospital. The wound and the fracture later
healed uneventfully.

The further four revisions were performed within 6 months.
Two patients after the MO procedure with a cerclage for fracture
fixation suffered both fracture nonunion and plate breakage.

The first patient had a multiply fragmented fracture (Rorabeck
2; OTA 33-A3; Fig. 9), whereas the second had a short oblique
Vancouver B1, OTA 32-A2 fracture. For revision, the plate was
exchanged for a nail, and a prosthesis with a long stem was
implanted, respectively.

In a third patient, the knee prosthesis had to be exchanged due
to lateral ligamentous instability after 8 months. In a fourth
patient, a fracture around a hinged knee prosthesis was fixed in 208
internal rotation. In this heavy patient (120 kg bodyweight, BW)
with an OTA 33-A3 fracture, an MO procedure was performed
because of intra-operative difficulties in closed reduction. The
malrotation was not detected intra-operatively. The 79-year-old
patient had already been mobilised with crutches prior to the
fracture. In this case, only a soft-tissue reconstruction (lateral
release and a medial patellofemoral ligament reconstruction) to
centralise the course of the patella was performed (Table 3).

There was no case of infection in the study group.

Follow-up (S4)

Although all patients or relatives agreed to present at the
follow-up examinations, not all could be seen at the 12-month
follow-up. Nevertheless, from the surviving 32 patients all except
one patient could be evaluated clinically or by telephone interview
(follow-up rate of 97%). It has to be considered that the level of
mobility of many patients was already low before the fall (Table 4).
Therefore, at 12 months only 20 of 31 patients could come to the
hospital. The other 11 patients were not able or willing to come
mainly because of limited mobility. In this group, two patients
were bedridden, five were bound to a wheelchair and four were
Table 4
Preoperative and postoperative mobility and GOS-Score.

Dead/lost to follow-up Mobil

Before trauma – Free: 

Walki

Frame

Whee

Bed: n

At 12 monthsa Dead: n = 9 (22%)

Lost: n = 1 (2%)

Free: 

Walki

Frame

Whee

Bed: n

a In these groups only the survivors at the 12 month follow-up were compared.
walking with a frame prior to the accident. Of these patients, only
two had a decrease in mobility compared to the preoperative state.

Comparing the activity level of the surviving patients at the 12-
month follow-up to the pre-accident status, 14 (45%) exhibited a
decrease in mobility. The GOS score showed an already elevated
impairment of the general status of health before the trauma.
Nevertheless, 68% regained their pre-existing health condition
after 12 months.

Radiological results (S4)

At the 6-month follow-up, in 31 patients an X-ray of the
operated femur could be obtained (of the other patients, nine had
ity (all/survivors 12 months) GOS (all/survivors 12 months)

n = 8/8

ng stick: n = 9/9

: n = 16/11

lchair: n = 6/2

 = 2/1

5: n = 7/7

4: n = 21/16

3: n = 13/8

n = 6

ng stick: n = 6

: n = 11

lchair: n = 4

 = 4

5: n = 4

4: n = 17

3: n = 9

2: n = 1
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died and one was lost for follow-up). In two patients, there was a
breakage of the plate (around 6 months after surgery) due to failed
fracture healing. In all the other patients, the fractures showed
good and reliable callus formation in the antero-posterior and the
lateral view. At that time, the uneventful healing rate was 94%.

After 12 months, 20 patients came to the follow-up. In all these
patients, the fracture had united. In the telephone interview of the
other 11 patients (or relatives), questions about pain in the
operated leg and the fracture region and about new deformities
(since the 6-month follow-up) were raised. In all cases, the
answers did not show any signs of failed fracture healing.

Discussion

The aim of the presented prospective study was to evaluate the
effect of PPF or PIF treatment with a polyaxial locking plate
implanted in a standardised less invasive technique. There are two
major limitations of this study:

1. different types of PPFs and PIFs of the femur were included and
2. two different types of less invasive reduction techniques were

applied for different types of fractures.

Despite the shortcomings outlined above, the study offers an
array of relevant information for the treatment of these
complicated fractures. The conception of the NCB1 polyaxial
locking system is a relatively new strategy that has been described
to date in only a few publications.22–24 Furthermore, a standar-
dised strategy for less invasive fixation related to fracture type has
not been published until now.

Because of small cohort numbers, different types of fractures,
different types of prosthesis, different types of fixation and the
general lack of controlled studies, an optimal treatment for PPFs
has not been described until now. The recent literature on the
treatment of PPFs with locking plates reports 7–41% local
complications and 0–29% revisions.9–14,22

In our analysis of less invasive polyaxial locking fixation, a
relatively low rate of 7% minor complications and 12% surgical
revisions was found. Nonunion with implant failure was seen in
only two cases (5%). Furthermore, in the group of PIFs, no
complications were seen.

In this context, the results of this study can give additional
information on new options in the treatment of these complicated
fractures. The following discussion is based on the four main
questions of this study.

S1: impact of two standardised procedures on less invasive PPF/PIF

fixation

In order to preserve the blood supply of the bone and to
diminish local soft-tissue complications, ‘minimally invasive’
strategies are recommended by some authors even for PPFs.11,13,14

Other authors still recommend the open approach.9,10,12,22,30,31

Although the revision rates in the papers describing ‘minimally
invasive’ techniques (0–12.5%) seem to be lower than in studies on
open approaches (7–29% revisions), a direct comparison cannot be
performed because of the varying fracture types, strategies and
implants.

In this study, we prospectively defined two less invasive
strategies for reduction and fixation (‘mini-open’ and ‘minimally
invasive’). The idea of developing a ‘mini-open’ technique was
based on the fact that adequate restoration of axis and rotation in
2-part (OTA-A1) fractures can be best achieved by direct
manipulation and compression of the fragments. We estimated
that local bone perfusion after direct manipulation in fractures
with two fragments that have a long surface of contact might not
be impaired too much. While this technique showed favourable
results when applied in A1 fractures, we found important
complications such as plate fractures due to failed biological
healing when this technique was used for 32-A2 or 33-A3
fractures (Fig. 9). Although MO is a viable option in long spiral
fractures, this emphasises the difficulty of finding the adequate
operative strategy in the presenting surgical indication. To our
experience, the length of the fracture area in an A1 fracture should
not be shorter than approximately 10 cm (Figs. 2(a) and 8(a)) to
allow the ‘safe’ placement of a cerclage. In unclear situations, for
example, suspicion of more than two fragments, or very
osteoporotic bone with the risk of an additional iatrogenic
fracture or of rather short spiral fragments, we recommend
performing the MI procedure.

On the other hand, in the MI group, only one surgical revision
was necessary because of the ligamentous instability of a
resurfacing TKA after 8 months. At that date, the fracture was
healed and a hinged prosthesis could be implanted. It is unclear
whether this complication was related to the procedure.

In two other cases, complications such as malrotation and
malreduction were documented. These patients were not revised
because of their low levels of mobility prior to the fall. In these
cases, just the fracture was fixed in order to facilitate painless
postoperative mobilisation. Although restoration of axis and
rotation is the goal of surgical fracture treatment, it sometimes
may be difficult to achieve this in closed reduction. Nevertheless, it
has to be taken into account that a high percentage of these
patients are bound to wheelchairs or frames, and mild deviations
in axis and rotation can be tolerated if fracture healing is achieved.

Comparing the two techniques with respect to OR time, intra-
operative use of intensifier, packed red blood cell (PRBC)
administration and need for ICU treatment, we did not find
statistically significant differences. Nevertheless, there is a
tendency to favour the ‘minimally invasive’ technique, which
suggests that the MI approach offers higher perioperative safety
than the other approach.

As additional advantages of the less invasive technique, it has to
be mentioned (as observed by other authors: Refs. 11, 13, 14) that
no additional bone graft was necessary and no infection was seen
in our study.

S2: application of polyaxial locking screws in PPF/PIF fixation

For fixation of PPFs, different techniques are described.
According to the literature, PPFs around a THA or a TKA are better
fixed by locking screws than by conventional screws.8 As an
alternative to resurfacing TKA, an intramedullary retrograde nail
can be applied if there is no closed box on the femoral component.
Until now, there have been no trials that compare nails and plates
in PPF around a TKA. There is a meta-analysis of 415 supracondylar
PPFs published by Herrera et al.8 that did not demonstrate any
clear difference in outcome between retrograde nailing and locking
plates.

Nevertheless, when a stable intramedullary stem/implant is in
place, a locking plate is the actual treatment of choice in a PPF.
However in monoaxial locking systems, the bicortical fixation of a
plate is difficult to achieve in areas with an intramedullary implant.
Monocortical screws can be placed as an alternative. Whereas, if
only (or mainly) monoaxial unicortical locking screws are set, a
high risk of pullout and implant failure exists in osteopenic bone or
uncemented implants.9,12,13 Therefore, some authors recommend
additional cable or cerclage fixation in these circumstances.9,11,14

The NCB1 system, with its 308 polyaxial locking mechanism,
allows the positioning of a locked bicortical screw around an
intramedullary implant. In our study, we were able to set a
minimum of 3 and a mean of 5.4 bicortical screws around a stem.



S. Ruchholtz et al. / Injury, Int. J. Care Injured 44 (2013) 239–248 247
We combined this fixation technique in 24% of patients with an
additional cerclage in order to achieve optimal stability when
fewer than 4 screws could be set (Fig. 3). Based on this strategy, we
did not see any case with loss of fixation in our study.

In order to provide stable fixation with a sufficient number of
screws on each fracture side, preferably long plates with a length of
more than 24 cm were used in 88% of patients. The less invasive
technique enables use of these long plates with reduced soft-tissue
damage. In our study, only one (2%) relevant complication in the
soft tissue (seroma) was found.

As an additional advantage, the NCB1 mechanism of locking
enables the use of every screw as a lag screw through the plate
when it is appropriate. Thus, especially in less invasive surgery,
reduction of the fragments to the plate can be performed. All
screws can be locked once reduction is achieved (Fig. 6(c) and (d)).
This might be a reason why breakage of screws was not observed in
our study. Other authors did find screw breakage rates in up to 14%
of cases,31–33 especially when non-locking screws were applied in
monoaxial locking systems (hybrid technique31) in order to
perform reduction through the plate.

The rate of implant failure was very low (5%) in our study. There
were only two late breakages of the plate after 6 months. In both
cases, the analysis revealed an impaired biological healing at the
fracture site after direct manipulation (‘mini-open’ technique;
Fig. 9).

S3: impact of a new PPF plate

In 10 cases, we applied the new periprosthetic NCB–PP1. The
main difference in design in comparison to the distal femur NCB–
DF1 is that the plate is broader in the metaphyseal region with
more options for screw placement (Fig. 2(b) and (c)) and that there
is a design for proximal fractures. To our knowledge, this is the only
plate design for proximal periprosthetic femur fractures. Before the
introduction of the NCB–PP1, in our hospital we successfully
applied the contralateral NCB–DF1 in proximal fractures (around a
THA) in five cases. This technique was already described by other
authors for different locking plates (e.g., LISS system; Synthes1;
Refs. 34, 35). Besides the fact that no ‘off-label’ use of the plate has
to be performed in proximal fractures, an increase of screw
placement around a stem/implant could be observed (NCB–DF1

4.8 vs. NCB–PP1 6.3).

S4: outcome and mobility after 12 months

The literature offers mostly coherent information on the
postoperative course of patients with PP fractures:9–14,30,31,36

- patients are of advanced age, mostly in their 70s and 80s, and
have a high rate of age-dependent risk factors,

- preoperative mobility is already impaired up to 50%,
- early postoperative mortality is low and mostly not directly

related to the procedures for fracture fixation (even in cases with
local complications),

- fracture healing is delayed, but most authors describe a
successful bony union after 4 or 6 months and

- due to the geriatric state of the patients, the 12-month mortality
can be high (up to 33%) and is mostly not related to the procedure
of fracture fixation.

Although we were not able to see all patients in hospital at the
12-month follow-up because of their limited mobility, we received
sufficient information about their actual state at the time of follow-
up. Our results on the post-hospital course do not show any strong
difference from the actual literature.
It has to be mentioned, though, that in our series, there were
eight patients who showed a high degree of immobility (six in
wheelchair, two bedridden) prior to the fracture due to a poor
general state of health (GOS of 3). To achieve optimal post-trauma
care and mobilisation, all were treated operatively and quickly
returned to their nursing homes. Although the first-year mortality
was 63% (n = 5) in this subgroup, no patient developed any local
complications with need for re-admission to the hospital.

Our data demonstrate the ability to stabilise PPFs by the
application of polyaxial locking plates in a less invasive technique,
even in very sick patients, with a relatively low complication rate.

Conclusions

The typical patient with a PPF presents with very poor pre-
existing health conditions and elevated surgical risk factors. The
central strategic focus is an individually conditioned, safe and
quick surgical procedure with a low rate of local complications. To
help meet these demanding surgical and medical needs, the less
invasive polyaxial locking plate fixation techniques are promising
options.

If possible, direct manipulation of the fracture zone, as in the
‘minimally invasive’ technique, should be avoided. Only selected
two-part spiral fractures (OTA type A1) with a long contact area
allow for direct reduction and cerclage fixation in order to achieve
optimal axis and rotation. There is an elevated risk of local
complications when the ‘mini-open’ technique is applied to other
fracture types.

The NCB1 system, with its 308 polyaxial locking mechanism,
allows for the positioning of a mean of 5 locked bicortical screws
around an intramedullary implant and enables the use of every
screw as a lag screw through the plate when it is appropriate. In the
less invasive technique, long plates can be applied with low rates of
soft-tissue complication and implant failure. Accordingly, no
failure of fixation was seen in any of the 41 study patients.
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2. Lohmann R, Haid K, Stöckle U, Raschke M. Epidemiology and perspectives in
traumatology of the elderly. Unfallchirurg 2007;110:553–62.

3. Berry DJ. Epidemiology: hip and knee. Orthopedic Clinics of North America
1999;30:183–90.

4. Ritter MA, Thong AE, Keating EM, Faris PM, Meding JB, Berend ME, et al. The
effect of femoral notching during total knee arthroplasty on the prevalence of
postoperative femoral fractures and on clinical outcome. Journal of Bone and
Joint Surgery 2005;87:2411–8.

5. Aaron RK, Scott R. Supracondylar fracture of the femur after total knee arthro-
plasty. Clinical Orthopaedics and Related Research 1987;219:136–9.

6. Inglis AE, Walker PS. Revision of failed knee replacements using fixed-axis
hinges. Journal of Bone and Joint Surgery British Volume 1991;73:757–61.

7. Lindahl H. Epidemiology of periprosthetic femur fracture around a total hip
arthroplasty. Injury 2007;38:651–8.

8. Herrera DA, Kregor PJ, Cole PA, Levy BA, Jönsson A, Zlowodzki M. Treatment of
acute distal femur fractures above a total knee arthroplasty – systematic review
of 415 cases (1981–2006). Acta Orthopaedica 2008;79:22–7.

9. Wood GCA, Naudie DR, McAuley J, McCalden RW. Locking compression plates
for the treatment of periprosthetic femoral fractures around well-fixed total hip
and knee Implants. Journal of Arthroplasty 2011;26:886–982.

10. Buttaro MA, Farfalli G, Paredes Nunez M, Comba F, Piccalug F. Locking com-
pression plate fixation of Vancouver type B1 periprosthetic femoral fractures.
Journal of Bone and Joint Surgery 2007;89:1964–9.

11. Xue H, Tu Y, Cai M, Yang A. Locking compression plate and cerclage bond for
type B1 periprosthetic femoral fractures. Journal of Arthroplasty 2011;26:467–
71.

12. Charkravarthy J, Bansal R, Cooper J. Locking plate osteosynthesis for Vancouver
type B1 and type C periprosthetic fractures of the femur: a report on 12
patients. Injury 2007;38:725–33.

http://www.bqs-qualify.com/
http://www.bqs-qualify.com/


S. Ruchholtz et al. / Injury, Int. J. Care Injured 44 (2013) 239–248248
13. Fulkerson E, Tejwani N, Stuchin S, Egol K. Management of periprosthetic femur
fractures with a first generation locking plate. Injury 2007;38:965–72.

14. Ehlinger M, Adam P, Abane L, Rahme M, Moor BK, Arlettaz Y, Bonnomet F.
Treatment of periprosthetic femoral fractures of the knee. Knee Surgery Sports
Traumatology Arthroscopy 2011;19:1473–8.

15. Nikolaou VS, Efstathopoulos N, Kontakis G, Kanakaris NK, Giannoudis PV. The
influence of osteoporosis in femoral fracture healing time. Injury 2009;40:662–8.

16. Rorabeck CH, Taylor JW. Classification of periprosthetic fractures complicating
total knee arthroplasty. Orthopedic Clinics of North America 1999;30:209–14.

17. Duncan CP, Masri BA. Fractures of the femur after hip replacement. Instructional
Course Lectures 1995;44:293–304.

18. Habernek H. Percutaneous cerclage wiring and interlocking nailing for treat-
ment of torsional fractures of the tibia. Clinical Orthopaedics and Related
Research 1991;267:164–8.

19. van Steijn MJ, Verhaar JA. Osteonecrosis caused by percutaneous cerclage
wiring of a tibial fracture: case report. Journal of Trauma 1997;433:521–2.

20. Perren SM, Fernandez Dell’Oca A, Lenz M, Windolf M. Cerclage, evolution and
potential of a Cinderella technology. An overview with reference to peripros-
thetic fractures. Acta Chirurgiae Orthopaedicae et Traumatologiae Cechoslovaca
2011;783:190–9.

21. Apivatthakakul T, Phornphutkul C, Bunmaprasert T, Sananpanich K, Fernandez
D. A Percutaneous cerclage wiring and minimally invasive plate osteosynthesis
(MIPO): a percutaneous reduction technique in the treatment of Vancouver
type B1 periprosthetic femoral shaft fractures. Archives of Orthopaedic and
Trauma Surgery 2012;13:813–22.

22. Erhardt JB, Grob K, Roderer G, Hoffmann A, Forster TN, Kuster MS. Treatment of
periprosthetic femur fractures with the non-contact bridging plate: a new
angular stable implant. Archives of Orthopaedic and Trauma Surgery
2008;128:409–16.
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