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Introduction: Periprosthetic femoral fractures (PFF) actually represent a serious public health problem.
They are reported to occur in 0,1-4.5% of all patients undergoing total hip replacement (THR). PFF are
commonly distinguished using the Vancouver classification. This study principal aim is to evaluate results

Keywords: obtained using the Intrauma Iron Lady® Conical Coupling locking plate for the treatment of Vancouver
Periprosthetic Femoral Fracture type B1 periprosthetic femoral fractures.
PFF

Materials and Methods: We enrolled 32 patients affected by Vancouver B1 PFF and treated with the
same device. Metal cerclages were additionally used in 12 (38%) patients. A clinical and radiographical
post-operative follow-up was then planned at 1, 3 and 6 months after surgery; than the follow-up was
annually fixed.

Vancouver B1
Locking plate
Internal Fixation

Results: Mean age at the moment of trauma was 76,7 years. All involved femoral stem were uncemented
and the they were all radiographically and intraoperativelly judged to be stable. Mean post-operative
follow-up period was 5,8 years. 29 patients (91%) presented healed fracture at 6 months follow-up. 9%
patients developed a superficial surgical site infection.

Discussion and Conclusions: Literature highlights that Vancouver B1 PFF should be treated with open
reduction and internal fixation (ORIF) using polyaxial locking plates. However, no single technique has
gained universal acceptance to be superior that the other. The current reported healing rate ranges from
40 to 100%. Using the Intrauma Iron Lady® Conical Coupling locking plate, we obtained a healing rate of
91%; this data is consistent with recent literature. Moreover, the role of cerclages in addition to femoral
plating is actually controversial because they potentially damage the soft callus vascularization. Our re-
sults showed no difference in term of healing rate between patients with and without cerclages, accord-
ing with some of most recent articles. A prospective study with a higher number of patients should be
carried out in order to better evaluate the role of cerclages on healing rate but also the complications
frequency after PFF surgical treatment.

© 2021 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Periprosthetic femoral fractures (PFF) represent a serious public
health problem, since the number of total hip replacement proce-
dures performed worldwide (currently 230,000 in the USA) is ex-
pected to increase due to life expectancy changes. PFF are reported
to occur in 0,1-4.5% of all patients undergoing total hip replace-
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ment (THR) [1-7]. Some conditions are actually linked with an in-
creased risk of PFF such as: long term steroid therapy, rheuma-
toid arthritis and a particularly active lifestyle following the THR
[8,9]. This fractures are commonly distinguished using the Vancou-
ver Classification [10,11] (Table 1). Originally, they were been man-
aged by nonsurgical treatment but this approach was subsequently
abandoned due to augmented risk of malunion and non-union
but also risks linked with a prolonged immobilisation [12,13]. Sur-
gical treatment depends on the preoperative and intraoperative
fracture classification. If the femoral stem is well fixed, an open
reduction and lateral plating with or without additional cerclages
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Table 1
Vancouver Classification of periprosthetic femoral fractures
(PFF).

Type and Subtype Characteristics

A-Type Fracture Trochanteric region

AG Greater Trocanther

AL Lesser Trocanther

B-Type Fracture Around or just distal to the stem
B1 Stem well fixed

B2 Stem lose, good bone stock

B3 Stem lose, poor bone stock

C-Type Fracture Well below the stem

represents the actual standard of care, also in case of osteoporotic
bone [14-17]. In this scenario, locking plates with a multiplanar
disposition of the screws represent a possible and valuable solu-
tion, since this plate allows to fix the screws around the implant
stem - also as mono cortical - in order to reach a good primary
stability and then rapidly allow the patient’s weight bearing. At
our knowledge, only few studies with small sample size have been
carried on concerning the use of lateral locking plate in proximal
femoral fractures around or just distal to the stem that however
remains well-fixed (Vancouver B1 fractures) [18].

The purpose of our retrospective study is to evaluate results
we obtained using the Intrauma Iron Lady® Conical Coupling lock-
ing plate for the treatment of Vancouver type B1 periprosthetic
femoral fractures at a mean 5,8 years follow-up.

Materials and methods

We enrolled for our study 32 patients affected by periprosthetic
femur fractures and treated with the same device (Intrauma Iron
Lady® Conical Coupling Locking Plate) between May 2010 and Au-
gust 2016 at our Operative Unit. Inclusion criteria were: Vancouver
B1 femoral fractures treated with Intrauma Iron Lady Conical Cou-
pling Locking Plate with or without cerclages, clinical and radio-
graphic follow-up greater than 6 months or until healed. Exclusion
criteria were: Vancouver A periprosthetic femoral fractures (that
are often treated nonoperatively or using plates with a trochanteric
grip) [11], Vancouver B2 and B3 femoral fractures (that often re-
quire also the femoral stem replacement, even if this statement is
still debated) [19-22], trasverse or short oblique fractures occur-
ring at the tip of femoral stem (that often require femoral stem
replacement, even if Vancouver B1 fractures) [23], any other rea-
son for femoral stem replacement in addition to the locking plate
for the PFF treatment, pathologic fractures (malignancy or infec-
tion), non-surgical fractures, additional bone grafting, insufficient
follow-up data, intraoperative femoral fractures during THA total
hip arthroplasty [24].

At the moment of trauma, each patient had two radiographic
views of the fracture: an anteroposterior (AP) and a lateral (LL)
view. Computed tomography scans (CT) were carried out at the
moment of the fracture for all cases to better evaluate the fracture
before surgery.

For each patient we recorded anagraphic data, fracture’s mech-
anism, fracture’s classification (according to Vancouver Classifica-
tion) and we carried out clinical and radiological evaluation at 1, 3
and 6 months after surgery; than the follow-up was annually fixed.
At every follow-up control, we performed a lateral view and an an-
teroposterior view, performed with the patient supine.

We performed open reduction and internal fixation of the fe-
mur fracture with the patient in lateral position on a radiolucent
table. Plates were always placed on the lateral femoral wall. We
also utilized cerclages, in order to stabilize the plate where the
screw insertion was difficult or even impossible due to the pres-
ence of prosthetic stem. The cerclages number was chosen based
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Fig. 1. A case of a 79 years old female. Radiographic examination at the moment
of trauma (a), post-operative control (b) and after 12 months follow-up (c).

on the specific fracture pattern. We always performed an initial
post-operative radiographs (AP and LL) to confirm reduction qual-
ity and implant position. We used the same deep vein thrombosis
and antibiotic prophylaxis for all patients. Post-operative protocol
was 4 weeks of toe touch weight bearing and then a partial and
progressive weight bearing to reach full weight bearing until 6-8
weeks after surgery (if there was no displacement at 4 weeks ra-
diographical follow-up). Passive mobilization started the day after
surgery. We evaluated patients performing clinical and X-ray ex-
amination with antero-posterior and lateral view of the whole fe-
mur at 1, 3 and 6 months and then yearly (Fig. 1, Fig. 2). We col-
lected data about complications such as: infection, non-union, mal-
union, hardware loosening, hardware failure, and revision surgery.
We considered as a “non-union” a non-healed fracture at the 6
months follow-up and as a “malunion” a fracture healed with a
greater than 5° of malalignment. Infection was distinguished in
deep and superficial. Deep infections were defined as those re-
quired operative treatment. Superficial infections were defined as
those that were treated only with local antibiotics and wound care

Statistical analysis was performed using the Statistical Package
for Social Sciences, Version 13 (SPSS Inc., Chicago, Illinois). Con-
tinuous variables were showed as meanz+tstandard deviation and
discrete variables were expressed as frequency percentages. The
Mann-Whitney test was used to analyze differences between non-
parametric variables. For all the tests, we used a 5% level of confi-
dence.

Results

From May 2010 to August 2016 we treated 34 cases of Van-
couver B1 periprosthetic femur fracture with open reduction and
internal fixation using the same device (Intrauma Iron Lady® Con-
ical Coupling Locking Plate). Two patients were excluded from the
present study because they died before the sixth month after sur-
gical treatment. Mean age at the moment of trauma was 76,7 + 7,8
years. Patients were 21 (66%) females and 11 (34%) males. Medium
BMI was 27,3 + 5,1. Right femur was involved in 14 cases in-
stead left femur was involved in 18 cases. Three cases of PFF (9%)
was related to high-energy trauma (HET); 29 cases (91%) of PFF
was led to low-energy trauma (LET). All patients reported a Van-
couver B1 periprosthetic fracture (classification confirmed by in-
traoperative evaluation of stem integration). All femoral stem in-
volved in fracture were uncemented. They were all radiographi-
cally and intraoperatively judged to be stable. All surgical proce-
dures were performed with patient lying in lateral decubitus. Im-
plant materials was AISI 316 iron for the plates and titanium for
the screws and the sockets. In six cases (19%), lateral plating was
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Fig. 2. A case of a 71 years old male. Radiographic examination at the moment of trauma (a), post-operative control (b) and after 12 months follow-up (c).

performed submuscolarly with a minimal invasive technique. The
most used plate (18 cases) was 249 mm length (16 holes). We used
a plate of 200 mm length (14 holes) in 11 cases and a plates of
300 mm (18 holes) in 7 cases. Metal cerclages were used in 12
(38%) patients to better stabilize the fracture. Mean hospital stay
was 7,8542,4 days. Mean follow-up period was 5,8 + 2,7 years.
29 patients (91%) presented healed fracture at 6 months follow-
up. 5 (16%) fractures healed in varus malalignment (6,2° mean an-
gle). All the 3 (9%) non-unions were classified as atrophic. 2 non-
unions occurred in the group of patient treated with plate and
additional metal cerclages, 1 non-union instead occurred in the
group treated without cerclages. No significant differences in term
of non-union were found between the cerclages and no-cerclages
group. All non-unions have undergone surgical treatment, except
one patient (aged 93) who preferred a non-surgical management
because of its age. At the last follow-up, the two re-operated non-
union were healed. Using the Mann-Whitney test, we found no sig-
nificant difference between patients with and without cerclages in
term of healing rate. Three (9%) patients developed a superficial
infection that required multiple operative debridements and IV-
antibiotics. No deep infection occurred in our retrospective anal-
ysis. No patients developed a re-fracture due to the hardware fail-
ure. No hardware removal, due to the mean age of patients, was
performed. We summarized our study results in Table 2.

Table 2

Brief summary of study results.
Description Results
Enrolled Patients 32
Mean Age at Trauma 76,7 + 7,8 years
Gender Ratio 21F: 11 M
Medium BMI 273 £ 5,1
Femoral Side Ratio 14 R: 18 L
Fracture Mechanism 29 LET: 3 HET
Stem Fixation 32 Uncemented: 0 Cemented
Healing Rate 29 (91%)
Metal Cerclages Usage 12 (38%)

Mean Hospital Stay
Mean Follow-Up Period

7,85 + 2,4 days
5,8 + 2,7 years

Varus Malunion 5 (16%)
Superficial Surgical Site Infections 3 (9%)
Deep Surgical Sute Infections 0 (0%)
Hardware Failure 0 (0%)
Hardware Removal 0 (0%)
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Discussion

Periprosthetic femoral fractures (PFF) represent a serious pub-
lic health problem because of the increasing number of total hip
arthroplasties (THA) combined with an aging population. Currently,
periprosthetic femoral fractures are reported to occur in 0,1-4.5%
of all patients undergoing total hip replacement (THR) [1-7]. Many
PFF derived from low-energy traumas in elderly patients with lot
of comorbidities including osteoporosis. The Vancouver classifica-
tion is a world-around accepted classification scheme for PFF be-
cause of it is reliable and useful as a guide for treatment [13,25-
27]. PFF treatment is actually challenging and requires expertise
both in arthroplasty and fracture repair [12,28,29]. 1 year mortal-
ity after periprosthetic femoral fractures appears to be 7-18%, de-
spite new surgical treatment techniques developed to obtain early
mobilization [14,28,30,31]. It is generally accepted that Vancouver
B1 fractures should be treated with open reduction and internal
fixation (ORIF) but no single technique has gained universal ac-
ceptance [11,19-24]. A review from Moore [18] showed that the
majority of the publications describing results of ORIF of B1 type
fractures are small, retrospective case series in which the authors
reported their experience with a given technique. Results of these
small series have been variable with rates of union ranging from
40 to 100%. The most recent fixation techniques provide for the
use of polyaxial locking plates which allow screw angling around
prosthetic components and, at the same time, load distributing
amongst the screw trough their angular stability [14,15,17,32,33].
Furthermore, locked plates provide for an adequate stability also
when applied on an osteoporotic bone. From May 2010 and Au-
gust 2016, we surgically treated 32 patients affected by Vancouver
B1 PFF using the same fixation device - the Intrauma Iron Lady®
Conical Coupling Locking Plate - with or without additional metal
cerclages. This plate is made of iron and it has a semi-tubular
shape. It acts as an internal fixator and allows a triplanar screw
placement in order to surround the femoral stem. Screws are ti-
tanium made and they are locked into the plate trough a conical
coupling system based on titanium sockets. Moreover, metallic cer-
clages can be fixed to the plates using conical coupling slotted pin.
No femoral stem replacement was performed in our series. After
a mean follow-up period of 5,8 years, we reported a healing rate
of 91% cases. This data is consistent with recent literature [18,34].
Internal fixation may certainly damage soft tissues and periosteal
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blood supply, and also cause biomechanical stress on the bone-
prosthesis interface. The importance of blood supply may be sup-
ported by the finding that all the non-unions were classified as
atrophic [35]. The use of cerclages in addition to lateral plating is
controversial because they could negatively influence the soft cal-
lus formation. However, previous studies did not find any negative
effect of cerclages on bone healing [16,34,36-39]. Our data, despite
the small sample size, seemed to confirm this statement. We found
a delayed wound-healing rate of 6%, which is consistent with data
reported in literature [37,40].

Conclusions

Iron Lady Conical Coupling locking plates offer good results in
treatment of Vancouver B1 periprosthetic femoral fracture; these
results are consistent with previous literature with the use of other
device [32-34]. The main strength of this study is the high homo-
geneity of our sample that included patients with the same frac-
ture type and subtype and the same treatment with a single fixa-
tion device. Moreover, despite these strict criteria, our sample size
resulted comparable with other studies reported in literature on
this topic [18]. Instead, the major limitations of this study are: a)
the small samples size (however is almost the same of other pre-
vious studies on this subject); b) the retrospective design of the
study; c) the lack of a control group treated with another surgical
technique. A prospective study with a higher number of enrolled
patients should be carried out in order to better evaluate com-
plications rate and the controversial role of cerclages on fracture
healing.
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