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Background: Cement augmentation of internal fixation of hip fracture has reported to improve fracture
stability in osteoporotic hip fractures, reducing the risk of cut-out of the sliding screw through the
femoral head. The purpose of present study was to perform a systematic literature review on the effects
of augmentation technique in patients with osteoporotic hip fractures.
Material and methods: A comprehensive literature search was systematically performed to evaluate all
papers published in English language included in the literature between January 2010 and July 2020,
according to the PRISMA 2009 guidelines. In vivo and in vitro studies, case reports, review articles,
cadaveric studies, biomechanical studies, histological studies, oncological studies, technical notes, studies
dealing with radiological classifications and studies on revision surgery were excluded.
Results: A total of 5 studies involving 301 patients were included. Patients had a mean age of 84.6 years
and were followed up for a mean period of 11 months. The proximal femoral fractures were stabilized
with implantation of the PFNA or Gamma nail and augmentation was performed with two different
cements: polymethylmethacrylate (PMMA) in 4 studies and calcium phosphate (CP) in one study.
Overall, 57.5% of patients reached the same or greater preoperative mobility, and postoperative Parker
Mobility Score and Harris Hip Score were acceptable. No significantly complications were observed, and
no additional surgery related to the implant was required.
Conclusion: The results of this systematic review show that cement augmentation is a safe and effec-
tiveness method of fixation to treat trochanteric fractures.

© 2020 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Trochanteric hip fractures are frequent injuries affecting the
elderly,1 and their incidence has substantially increased due to the
demographic changes demonstrating progressive ageing.2,3 Often
these fractures are the result of a simple fall, or minor trauma,5 with
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main predisposing factors represented by increased bone fragility
related to ageing and osteoporosis.4 The elevated frequency of such
fractures produces a high economic impact, with a yearly estimated
cost in UK of £ 1130 millions.6 The functional outcomes of these
patients are determined by surgical timing, previous health status
and associated comorbidities.7 Fixation of trochanteric hip frac-
tures with nail or sliding screw plate represents the gold standard
of treatment.8,9 However, in patients with severe osteoporosis and
unstable trochanteric fractures, stable and reliable fixation are
difficult to achieve,10 and overall rates for mechanical failure have
been reported up to 20.5%.11 The most frequent nail-related com-
plications are secondary loss of reduction and implant migration.12

Further, cut-out of the sliding screw through the femoral head
represent a complication widely described in the literature,13e15

with an incidence between 2% and 8%,16,17 resulting one of the
main reasons of revision surgery.18 To improve implant anchorage,
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cement augmentation of the implant has been employed leading to
an increase of the load-bearing area of the device, with consequent
higher stability and reduction of the risk of implant failure.19e21

Several biomechanical investigations were performed concerning
the use of Polymethyl Methacrylate (PMMA) or calcium phosphate
(CP) for the augmentation of intramedullary femoral nail, showing
a higher cut-out resistance.22e24

Primary aim of present paper was to perform a systematic and
qualitative review of the current literature to evaluate the effec-
tiveness of cement augmentation of intramedullary devices as an
adjunct to internal fixation of trochanteric hip fractures.

2. Material and methods

A systematic review was conducted according to the guidelines
presented in the PRISMA Statement (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses).25 Three independent
clinical researchers (L.S., S.R. and F.M.) performed an extensive
search on PubMed, Cochrane, Medline, Embase and Google Scholar
electronic databases for all studies published between January 2010
and July 2020. Only papers published in English language were
included. To reduce andminimize the number of missed studies, no
filters were applied to the search strategies. The following MeSH
entries were used for research articles: augmentation nail cut-out,
nail cut-out cement, augmentation cut-out femur, cut-out femur
nail, augmentation femoral cut-out, nail cement fracture, nail
femoral cut-out, femur nail augmentation, femoral nail augmen-
tation, femur nail failure, femoral nail failure. Animal in vivo and
human in vitro studies, case reports, review articles, cadaveric
studies, biomechanical studies, histological studies, oncological
studies, technical notes, studies dealing with radiological classifi-
cations and studies on revision surgery were not included. Only
studies evaluating quantifiable functional outcomes with validate
scores were included. Papers were initially identified based on the
title and abstract. The investigators separately reviewed the ab-
stract of each publication and then performed an accurate reading
of all extended papers to minimize bias. Further, researchers
checked all the references from the identified articles in order to
not miss any relevant study. Moreover, if an agreement of studies
inclusion/exclusion was not achieved, the senior author (L.C.) was
consulted for the final decision and a consensus was reached
through discussion. Relevant data were extracted and recorded by
two authors (L.S., S.R.) from each included study according to the
following standardized protocol: authors and year of publication,
country, study type, patient demographics (age, gender, type of
fracture), surgical technique details, implants and cements used for
fracture fixation, duration of follow-up and clinical outcomes. In
addition, the incidence of intraoperative complications and the
need of additional surgery was calculated for individual studies.
The extracted data were then cross-checked for accuracy and
checked by a third author (F.M.). The flow chart illustrates the
number of studies that have been identified, included, and
excluded and the reasons for exclusion.26 Two investigators (L.S.,
S.R.) assessed the methodological quality of the selected studies
according to theModified ColemanMethodology Score (CMS), after
agreement between two investigators.27 Meta-analysis and statis-
tical analysis were not feasible due to substantial heterogeneity
between studies (different types of implants used in different
studies, differences in cement used and differences in patient/
fracture related variables), varying methodology and lack of direct
comparative results.28 The Newcastle-Ottawa Quality Assessment
Scale (NOS) was used to assess the quality of observational
studies29 and the study quality assessment was performed by 2
reviewers independently (L.S. and S.R.). The NOS items were based
on 3 dimensions: selection of study groups, comparability of the
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groups, and ascertainment of either the exposure or outcome of
interest. We classified quality on the basis of 3 levels (total score
was 9): high quality, with scores between 8 and 9; moderate
quality, with scores between 5 and 7; and low quality, with scores
between 0 and 4. Only articles with high or moderate quality were
considered for the study (Table 1).
3. Results

Of 4217 articles, 5 full-text articles were identified for
review19,20,30e32 (Fig. 1). No agreement was reached between two
investigators (LS, SR) regarding the inclusion of a study.21 Con-
cerning this study, the senior author (LC) decided to exclude that
article because of its close similarity to another study by the same
authors.19 The articles included were published between 2010 and
2018. The evaluation of the quality of the included articles revealed
that there were 2 prospective trials,19,20 1 retrospective trial31 and 2
randomized controlled trials.30,32 Only patients of the treatment
group (cement augmentation) were extrapolated and included in
the review. The mean Modified Coleman Methodology Score was
52 (range from 49 to 60) and all the five studies had a NOS>4
demonstrating good methodologic quality (Table 1).
3.1. Demographic data

The pooled number of patients treated with cement augmen-
tation femoral nail for trochanteric fracture fixation included in this
review was 301, of whom 71 (23.6%) were male and 230 (76.0%)
were female (Table 2). The mean age across all studies was
84.6 ± 1.75 years, (range 67e97 years). The follow-up range across
all studies was 4e15.3 months, with a mean of 11 ± 4.2 months. All
articles used AO/OTA system (Arbeitsgemeinschaft für Osteosyn-
thesefragen/Orthopaedic Trauma Association) to include patients
in each study: specifically, two studies19,20 treated 31-A1, A2, A3
and three studies30e32 treated 31-A2, A3 fractures.
3.2. Surgical techniques

The proximal femoral fractures were reduced and stabilized
with Proximal Femur Nail Antirotation (PFNA) (DePuy Synthes,
Oberdorf, Switzerland) in 4 studies19,20,30,31 while one study32

Gamma 3 nail (Stryker Trauma GmbH, Schoenkirchen, Germany)
using a standard surgical technique. All operations were performed
according to standard operating procedures of each femoral nail
that provide anatomical reduction of the fracture, guidewire
placement and intramedullary nail insertion. After that, the femoral
neck screw was inserted in the third inferior portion of the femoral
head trough the calcar of the neck. The distal fixation screw was
fixed in a static locking mode regardless of the fracture type based
on the surgeon’s preference. Where necessary, an open reduction
was performed.19 A polymethylmethacrylate (PMMA)was used in 4
studies (Traumacem V þ ®19,20,30 or Mendec Spine®32) and was
placed through a perforate blade of the PFNA or through the head
screw of the Gamma 3 nail implant (Fig. 2). In one study31 the
calcium phosphate (CP) Cement (Gene X®) was inserted into the
femoral head before the insertion of the neck blade of PFNA nail. In
all studies the injection of cement was performed under fluoro-
scopic control. The mean amount of cement injected was
3.7 ± 0.5 ml in patients treated with PMMA and 5 ml in patients
treated with CP. In postoperative time, all patients had a surgeon
indication to walk again the day after surgery with rehab of the free
weight bearing or as tolerated, according to clinical conditions.



Table 1
Studies included in the Review. Abbreviations: PMMA ¼ polymethylmethacrylate; CP ¼ calcium phosphate; PFNA ¼ Proximal Femur Nail Antirotation.

Authors Year Synthesis (nail/cement) Country Study type Modified Coleman methodology
score

Newcastle-Ottawa Scale
(NOS)

Dall’Oca et al.32 2010 Gamma 3/PMMA (Mendec
Spine®)

Italy Randomized Controlled
trial

54 8

Kammerlander
et al.20

2011 PFNA/PMMA (Traumacem Vþ®) Multicentric Prospective study 49 7

Kammerlander
et al.19

2013 PFNA/PMMA (Traumacem Vþ®) Multicentric Prospectivestudy 50 7

Kammerlander
et al.30

2018 PFNA/PMMA (Traumacem Vþ®) Multicentric Randomized Controlled
trial

60 8

Kim et al.31 2018 PFNA/CP (Gene X®) South Korea Retrospective study 47 6

Fig. 1. Flow diagram that describe the number of studies identified, included, and excluded as well as the reasons for exclusion.
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3.3. Patient reported outcome measures

The main clinical outcomes, focused on the postoperative
mobility of patients in relation to their pre-fracture condition
(Table 3): the 57.5% of patients reached the same or greater pre-
operative mobility. The Parker Mobility score,33 evaluated in 3 of 5
studies,19,20,30 was 5.4 ± 1.14 before fracture and 4.8 ± 1.06 at the
last follow-up visit. The Harris Hip Score,34 was used to evaluate
clinical outcome in 2 of 5 studies,31,32 with a result of 59.9 ± 4.88
before fracture and of 61.6 ± 5.3 at final visit. The visual analog scale
67
(VAS),35 was evaluated in 3 studies19,20,31 showing a disappearance
of pain in patients during the follow up. The postoperative range of
motion of the hip was not described in these studies.
3.4. Fixation failures and complications

Two intraoperative complications related to cement augmen-
tation were described, including a little amount of cement
extravasated into the hip joint without clinical problems for the
patient,32 and cement leakage into the joint30 with exclusion from



Table 2
Demographic data and treatment information. Abbreviations. N ¼ number; % ¼ percentage.

Authors Number of
patients

Age
(mean)

FemaleN
(%)

Male N
(%)

Type of
Fracture

Cement
injected (ml)

Follow-up
(months)

IntraoperativeComplications Complications requiring
additional surgery

Dall’Oca et al.32 35 85.4 24
(68.6%)

11
(31.4%)

AO 31-A2,
A3

3 12 1 little amount of cement was
extravasated into the hip joint

none

Kammerlander
et al.20

59 84.5 45
(76.3%)

14
(24.7%)

AO 31-A1,
A2, A3

4.2 4 1 perforation of the k-wire into the hip
joint

none

Kammerlander
et al.19

62 85.3 49
(79.0%)

13
(21.0%)

AO 31-A1,
A2, A3

3.8 15.3 3 open reduction, 2 treated with
subtrochanteric cerclage wires

none

Kammerlander
et al.30

105 86.1 87
(82.8%)

18
(17.2%)

AO 31-A2,
A3

3.8 12 1 cement leakage none

Kim et al.31 40 81.6 25
(62.5%)

15
(37.5%)

AO 31-A2,
A3

5 12 2 superficial wound infection none

Fig. 2. A) The radiograph shows fixation with Gamma nail and augmentation with cement in patient with trochanteric fracture. B) Image shows femoral neck screw insertion and
the red area shows the cement distribution area.

Table 3
Post-operative outcomes of studies reviewed. Abbreviations: Pre-op ¼ Pre-operative; Post-op ¼ Post-operative.

Authors Post-op weight bearing Harris Hip Score Parker Mobility
score

Patients reached their prefracture
mobility (%)

Pre-op Last follow-
up

Pre-
op

Last follow-
up

Dall’Oca et al.32 Full (Day 1 post-op 56.5 57.9 N/A N/A N/A
Kammerlander

et al.20
N/A N/A N/A 4.5 3.8 55.3

Kammerlander
et al.19

N/A N/A N/A 5.1 4.6 59.6

Kammerlander
et al.30

Full as tolerated (Day 1 post-op) N/A N/A 6.7 5.9 N/A

Kim et al.31 Partial the first 2 weeks after surgery and continued for at
least 8 weeks

63.4 (6
months

65.4 N/A N/A N/A
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the study of this patient. A third intra-operative complication re-
ported20 was unrelated with the cement injection. A perforation of
the k-wire into the hip joint was observed and, consequently, no
cement augmentation was performed in this patient. An open
reduction was necessary in three cases,19 whereas in 2 cases a
subtrochanteric cerclage wires was used to stabilize the reduction.
The procedurewas well toleratedwith no fixation failure. Any cases
of avascular femoral head necrosis were observed. Further, no hy-
persensitivity or allergy to the cement was noted. Finally, no
additional surgery related to the implant was required.
68
4. Discussion

The results of present review seem to indicate that cement
augmentation in the treatment of trochanteric fractures provides
good clinical outcome and prevent fixation failure, with 57.5% of
patients reaching the same or greater preoperative mobility, and
with no additional surgery related to the implant failure.

In elderly patients, trochanteric fractures are often associated
with osteoporosis and the correct implant placement is related to
fracture reduction and implant fixation.36 The poor bone stock and
an inadequate reduction are still the main reasons for failure.37 The
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shear stress generated on the femoral head with the loading during
regular walking can induce varus collapse or the cut-out of the
femoral neck screw.38,39 The PFNA possesses a helical blade that
give a rotational stability, cut-out resistance and lower reoperation
rates for unstable fractures.40 Indeed, as evidenced by the analyzed
articles, this surgical procedure was not associated with fixation
failure, and cement augmentation of the proximal femur resulted
an additional option for failure prevention. The effectiveness of this
treatment has been also confirmed by several biomechanical
studies that demonstrated the increase of cut-out resistance and
rotational stability with PMMA or CP augmentation.22,41,42 In a
recent prospective study, Rai et al.43 described a similar method of
bone cement augmentation with PMMA in the femoral head, using
fixation with dynamic hip screw to prevent cut out, with good
outcome results.

The increased mechanical stability with PMMA or CP also
contributed to have a shorter period of hospitalization due to a
faster mobilization, with earlier return to the daily activities.44

Analyzing the functional outcomes, 57.5% of the patients reached
the same or greater preoperative mobility. The mean values of
postoperative Harris Hip Score and the slight downward trend of
Parker Mobility Score were acceptable and satisfactory in relation
with the mean age of 84.6 years of the patients, while, according
with the literature,45e47 comorbidities represented an important
factor with negative influence the recovery achieving. Confirming
these results, two recent publications,48,49 not included in this
systematic review because functional Parker Mobility and Harris
Hip scores were not evaluated, demonstrated that cement
augmentation with PFNA improved the postoperative functional
outcomes, increasing the return to pre-fracture ambulatory level
(RPAL) in geriatric patients with a high-surgical-risk.

The authors of the articles analyzed in this review tried to
address poor bone quality and comminution with PMMA or CP
augmentation, however, many others studies on different
augmentation strategies are reported. Pesce et al.50 studied the
fixation with nail and cephalic hydroxyapatite coated screws, Gao
et al.51 and Kulkarni et al.52 studied the augmentationwith awiring
cerclage, and Gadegone et al.53 analyzed the stabilization of lateral
trochanteric wall with an additional screw.

Of the 301 patients included in the review, none had compli-
cations such as failure of fracture fixation. Regarding the compli-
cations related to cement augmentation, a small amount of
extravasation in hip joint occurred in 1 patient,32 and cement
leakage in another.30 However, no revision surgery was necessary
in both cases. As suggested by Von der Linden et al.,22 the injection
of small amount of cement does not induce significantly thermal
changes, hence this explains the absence of thermal osteonecrosis
that might be induced by the exothermic reaction occurring during
the cement polymerization.54,55 This could be a disadvantage
particularly for PMMA22,55 because CP has a lower polymerization
temperature.56

Comparing cement augmentation using PMMA19,20,30,32 or CP,31

no differences in terms of results or complications were found.
Confirming these data, Linder et all57 in a review demonstrated that
both PMMA and CP cements increase the primary stability of the
implant-bone construct in all biochemical and clinical studies. Even
though PMMA is widely usedmore than CPwith good results and is
considered the gold standard of bone cement, especially in verte-
bral surgery,58,59 CP also has several studies showing its effective-
ness.60 Despite the excellent results found with these types of
cements the research is oriented to provide cements offering better
injectability, good resistance to disintegration, radiopacity and
optimal mechanical stability.61,62

The present review has several limitations due to the low-grade
evidence of the studies such as their retrospective design, the
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shortness of the follow up, and the absence of controls in most
reports. In addition, the different outcome measures contributed to
increase the possible biases. Therefore, despite the encouraging
results, no definitive conclusions can be drawn, and long-term,
controlled trials are required to better address the efficacy of
cement augmentation for femur fracture repair.

5. Conclusion

The results of this systematic review show that cement aug-
mentations with PMMA or CP are a safe method of fixation to treat
trochanteric fractures. Good functional results without any re-
ported cement-associated complications were observed. However,
more clinical researches are necessary to determine the extent of
their benefit.
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