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Abstract We conducted a systematic review of the liter-

ature on the use of both resorbable and non-resorbable

cement as an adjunct to internal fixation of intertrochanteric

hip fractures. Two reviewers independently assessed the

methodological quality and extracted relevant data from

each included study. In cases in which the outcomes data

were similar between studies, data were pooled and ana-

lyzed. Seven studies were included after fulfilling all

inclusion and exclusion criteria. Two hunderd and eighty

patients were treated with augmentation and 175 were

treated without augmentation. Studies were variable in their

ability to demonstrate better functional outcomes in patients

who underwent augmentation. However, radiographic

parameters (mean lag screw sliding distance and varus

deformity) were better in the augmentation group. In terms

of complications, failure to use augmentation with a sliding

hip screw device in five studies led to 10.8-fold higher

likelihood of construct failure (p \ 0.01). Augmentation of

intertrochanteric femur fractures with polymethyl methac-

rylate or calcium–phosphate may provide benefits in terms

of radiographic parameters and complication rates;

however, more stringent research methodology is necessary

to determine the extent of the benefit.
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Introduction

Intertrochanteric hip fractures are extra capsular fractures

of the proximal femur, occurring between the greater and

lesser trochanter. Along with fractures of the femoral neck,

the incidence of these fractures is expected to increase to

nearly a half million by the year 2040, with intertrochan-

teric fractures constituting nearly half of this number [1, 2].

The blood supply to the intertrochanteric region of the hip

is highly vascular. Biomechanical stability to promote

fracture healing can be provided by either a sliding hip

screw or cephalomedullary device. Despite this theoreti-

cally healthy environment for fracture healing and stan-

dardized means of treatment, complications, especially in

patients with severe osteoporosis, do occur. Specifically,

loss of proximal fixation or cut-out, can occur when ade-

quate fixation is not achieved in the femoral head, pre-

dicted by the tip-to-apex distance of the compression screw

[3]. When failure occurs because of loss of proximal fix-

ation or lack of an adequate buttress to support compres-

sion, the proximal femur collapses into varus with

catastrophic failure of the bone implant interface.

In an effort to augment the poor bone quality of osteo-

porotic patients with intertrochanteric hip fractures, some

published series have advocated for the addition of

resorbable calcium-phosphate (CP) or non-resorbable

polymethyl methacrylate (PMMA) cement to the internal

fixation construct to decrease the rates of cutout and col-

lapse. In addition, biomechanical studies in cadaveric
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specimens have shown decreased rates of femoral head

collapse in osteoporotic models supplemented with PMMA

[4–7]. As osteoporosis is a pathologic process of bone, the

technique of augmentation has been utilized in a limited

number of clinical studies to determine whether absorbable

or non-absorbable materials have the ability to decrease the

complication rate or affect the clinical outcomes of patients

with intertrochanteric hip fractures treated with standard

techniques.

The purpose of this paper is to systematically review the

literature on the use of both resorbable and non-resorbable

cement as an adjunct to internal fixation of intertrochan-

teric hip fractures. We have done this to provide a review

of the demographics, surgical techniques, outcomes, and

complications of patients in which these techniques were

used.

Methods

Search strategy and eligibility

We searched the Medline and EMBASE computerized

literature databases from January 1980 to May 2011.

Articles were identified using an electronic search of key-

word terms and their respective combinations (Table 1).

All studies from the mentioned searches were then

reviewed. Studies were included in this systematic review

if they matched the following criteria: (1) they were in

English language; (2) they were randomized trials or

observational studies (therapeutic studies level I–IV and

prognostic studies level I–IV) with minimum follow-up of

6 months for all patients. Six months follow-up was

selected as a time-point by which clinical and radiographic

healing would be expected to have taken place. We

excluded review articles, case reports, and technique arti-

cles without reported patient data. Two authors performed

the initial search and then three of the authors indepen-

dently reviewed the references of the qualifying papers and

selected the appropriate studies based on these criteria. If

one or more authors selected a paper, it moved on to the

next phase. In the final phase of review (elimination by full

text review), there was no disagreement over which papers

would be ultimately included.

Validity assessments

Data were subsequently extracted from these papers

including: demographics, techniques, outcomes, and com-

plications of patients who underwent PMMA or CP aug-

mentation for unstable intertrochanteric femur fractures. In

addition, demographic data from each study was obtained.

Three reviewers assessed the methodological quality of the

studies according to Zaza et al. [8]. Zaza et al. [8] described

a systematic quality assessment for observational studies

that evaluated preventive medicine interventions. The use

of cement in intertrochanteric fractures can be considered a

preventive medicine intervention by preventing complica-

tions based on supplementation of osteoporotic bone. The

method of Zaza et al. [8] of assessing study quality entails a

checklist, which spans five major areas of study design: a

description of the population and intervention, sampling,

measurement, data analysis, and interpretation of results.

No summary score is generated for this tool. The reviewers

resolved disagreement by discussion and consensus by

majority.

Analysis

We assessed for heterogeneity via the Q statistic and the I2

confidence interval. We found that the Q statistic was non-

significant (p value = 0.59), however, because we had a

small number of studies (n = 7) the I2 confidence interval

was wide (0, 71 % variability). As such, we used a random

effects model to obtain cumulative meta-analysis results in

comparative studies which had the requisite data because it

was more conservative. In cases where the data were

continuous and mean and standard deviation data were

available from the manuscripts, we used the inverse vari-

ance method of random effects modeling. In cases where

the data of interest were dichotomous, a Der Simonian and

Laird random effects model was generated for the purpose

of generating p values. A correction factor of 0.5 was

added to each cell in the case of zero events in the com-

parative studies to include the maximum amount of

Table 1 This list includes search terms entered into the Medline and

EMBASE search engines for identification of human studies in

English from the year 1950 to May 2011

Number Search Term

1 Cement augmentation fracture

2 Graft augmentation fracture

3 Femur fracture augmentation

4 Femur fracture graft

5 Femur fracture cement

6 Intertrochanteric fracture augmentation

7 Intertrochanteric fracture graft

8 Intertrochanteric fracture cement

9 Femoral fracture augmentation

10 Femoral fracture graft

11 Femoral fracture cement

12 Hip fracture graft

13 Hip fracture augmentation

14 Hip fracture cement
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information. In cases where not enough data were present,

the results of individual studies were reported, or fre-

quency-weighted means with variance determined by the

number of studies were used. We used an Egger’s intercept

to determine the evidence of publication bias. MIX soft-

ware (version 1.7) was used for meta-analysis.

Results

We obtained 13,055 unique articles from a combined

Medline and EMBASE search using the criteria listed in

Table 1 (Fig. 1). Duplicates were electronically confirmed

with use of RefWorks bibliographic software (ProQuest,

LLC, Bethesda, MD). We initially excluded articles by title

(12,824 excluded) for irrelevance to the topic in question, if

they were picked up by chance, or if they were designated

as reviews, editorials, or commentaries. An additional 152

articles were eliminated after reviewing the abstracts; we

eliminated articles by abstract only if they were case

reports, erratum, or reviews. If there was any question over

inclusion, we undertook a review of the full text of the

work. We then reviewed the full text of the remaining 79

articles, of which 73 articles failed to meet our inclusion

and exclusion criteria. This systematic review left six

articles for analysis. The references of these articles (along

with the prior individual searches) were manually searched

for other potential articles of interest. The references were

screened in the same manner as the articles from the ori-

ginal search (title review followed by abstract review, then

full text review). One additional article meeting the

inclusion and exclusion criteria was included from the

references. This resulted in a total of seven articles to be

included in this systematic review [9–15].

Five studies included a control group of patients trea-

ted without PMMA or CP augmentation and all studies

evaluated a uniform cohort of patients who had undergone

fixation of unstable intertrochanteric femur fractures [9,

11–14]. No other materials were used for augmentation.

Three studies were retrospective [9, 10, 15] and four

studies [11–14] were prospective in nature. Two studies

[9, 13] were performed at more than one institution and

all seven studies [9–15] were published between the years

1985 and 2010. The years in which surgery was per-

formed was recorded in six studies [9–12, 14, 15] and fell

between the years from 1977 to 2010. All studies reported

minimum of 6 months follow-up in all patients. However,

studies were variable in reporting data on mean and

maximum follow-up. The greatest reported mean and

maximum follow-up was 34 months and 62 months,

respectively [9].

Quality/publication bias assessment

Of the studies reviewed, there were four prospective ran-

domized controlled studies (level II) [11–14], one case

control study (level III) [9], and two case series (level IV)

[10, 15]. Six [9–12, 14, 15] of the seven studies described

their population well, with one series [13] unclear as to

how the patients were selected, and whether or not the

entire population was used. All studies described their

surgical technique well, though of note, the placement of

the cement varied from study to study, as was the specific

surgical technique [9–15]. Only two studies [11, 15] used

the entire population available, though three of the

remaining studies comprehensively described their exclu-

sion of patients [9, 10, 12]. Four studies [11–14] employed

randomization. One study [12] used randomization by

patient medical record number (even or odd), and the

remaining studies [11, 13, 14] used sealed envelope ran-

domization. One of the seven studies employed specially

trained physiotherapists to perform clinical assessments (a

method of blinding) [13]. Two studies [10, 15] employed

no statistical analysis at all, two reported p values [9, 11]

but did not describe how they formulated those values, and

the remaining studies described their statistical analysis

adequately. One study was underpowered [14]. One study

did not have 80 % follow-up [15]. Only one study

employed statistical adjustment for multiple tests [12]. We

found no significant publication bias in either of the two

meta-analyses we were able to perform with the data
Fig. 1 This flow diagram presents the systematic review process used

in this study
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available (p = 0.98 and 0.94), though our assessment is

somewhat limited by the small number of studies.

Demographics

Six studies [9, 10, 12–15] utilized a dynamic hip screw

(DHS) as the primary mode of fixation and one study [11]

utilized an intramedullary device in all patients. Ages

ranged from 54 to 99 years across all studies. Average ages

ranged from 78.4 years of age to 85.3 years of age within

each study. 35.7 % of the patients were male, 64.3 % were

female. In total, the seven studies incorporated a total of

569 intertrochanteric femur fractures in adult patients, with

419 having adequate follow-up for outcomes evaluation.

280 were treated with augmentation and 175 were treated

without augmentation. 121 were treated with DHS and

PMMA augmentation, 3 were treated with a Holt nail and

PMMA augmentation, 56 were treated with DHS and CP

augmentation, 35 were treated with an intramedullary

device and PMMA augmentation, 139 were treated with a

DHS and no augmentation, and 36 were treated with an

intramedullary nail and no augmentation. Each of the

published studies utilized different techniques for aug-

mentation of the internal fixation construct with resorbable

or non-resorbable cement. Full demographic data for

patients who underwent augmentation are available in

Table 2.

Operative time and blood loss

Five studies [9, 10, 12, 13, 15] considered operative time

and blood loss in patients undergoing DHS fixation with

augmentation with either PMMA (four studies) or CP

(n = 1 study). Augmentation trended to but did not sig-

nificantly increase operative time (92.3 vs. 64.5 min,

p = 0.117). It did, however, lead to an increased blood loss

(422.2 vs. 318.3 ml, p = 0.049).

Functional outcomes

Three studies (n = 145) of PMMA augmentation and DHS

fixation utilized the modified Salvati and Wilson rating

system and showed 47 excellent, 66 good, 26 fair, and 6

poor results (Table 3) [10, 12, 15]. One study utilized the

Table 2 Demographic and operative details of all patients who underwent augmentation

Author Type of

study

Baseline

augmented

patients

Final #

augmented

patients

Mean

age

Male/

female

Augmentation

material

Osteotomy (yes/no)/

augmentation technique

Time to

full weight-

bearing

(months)

Mean

follow-up

(months)b

Bartucci

[9]

Retrospective 42 28 NR NR PMMA No/femoral head with

cement gun

Immediate 34

Chow

[10]

Retrospective 84 65 78.8a NR PMMA Yes (Dimon-Hughston)/

manual packing

posteromedial

intertrochanteric

region

1 week NR

Dall’Oca

[11]

Prospective 40 35 85.3b 11/24 PMMA No/femoral head

through cannulated

proximal screw

Immediate 12

Lee [12] Prospective 55 55 82.6b 25/30 PMMA No/femoral head with

cement gun

8 weeks 13.9

Mattsson

[14]

Prospective 14 11 83.7a 2/12 CP No/needle injection to

intertrochanteric

region

Immediate 6

Mattsson

[13]

Prospective 55 45 81.2a 11/44 CP No/needle injection to

intertrochanteric

region

Immediate 6

Pun [15] Retrospective 69 42 78.4a NR PMMA Yes(Sarmiento)/manual

packing posteromedial

intertrochanteric

region

1 week 21.4

Total 358 280 49/

110

NR not recorded, PMMA polymethyl methacrylate, CP calcium-phosphate
a Mean age of baseline augmented patients
b Mean age of final augmented patients
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Iowa Hip Rating scale and noted lower scores in the group

that underwent PMMA augmentation and DHS fixation

compared to the control group (76 vs. 92, p = 0.01). One

study [12] evaluated hip pain on a four-point scale: (1) no

pain; (2) mild pain not affecting walking or requiring

analgesic medication; (3) moderate pain affecting walking

and/or requiring regular medication; (4) severe pain, even

at rest, requiring stronger analgesics. At one-year follow-

up, mean pain score was 1.6 in the group that underwent

PMMA augmentation and DHS fixation, compared to 2.2

in the group that did not undergo augmentation

(p = 0.008). The same study also evaluated walking ability

via the mobility score of Parker and Palmer: a value of 0

indicates complete disability and a value of 9 indicates no

difficulty. At one-year follow-up, mean mobility score was

5.3 in the PMMA augmented group and 4.2 in the control

group (p = 0.073). One study [13] considered global pain

and functional pain at 6 weeks and 6 months. They noted

lower global pain scores (p \ 0.003) and lower functional

pain scores with walking 10 feet (p \ 0.003) and 50 feet

(p \ 0.01) at 6 weeks with CP augmentation compared to

controls. There was no difference at 6 months. The aug-

mented group also demonstrated significant (p \ 0.05)

improvement compared to the control group on three SF-36

subscales (pain, general health, and vitality) at 6 weeks and

five SF-36 subscales (physical functioning, vitality, social

functioning, mental health, and general health) at

6 months. The one study [11] that utilized an intramedul-

lary nail for fixation used the Harris Hip Score as their

outcomes measure and noted a score of 57.91 in the

PMMA augmented group compared to 59.86 in the control

group at one-year follow-up. One study [14] with calcium-

phosphate augmentation did not evaluate functional

outcomes.

Radiographic outcomes

In one study, patients treated with and without PMMA

augmentation and DHS fixation were compared by radio-

graphic parameters at 1-year follow-up (Table 3) [12].

Amount of lag screw sliding (1.7 vs. 10.5 mm, p \ 0.001),

femoral shortening (3.8 vs. 14 mm, p \ 0.001), and varus

collapse (1.8� vs. 8.1�, p \ 0.001) were greater in the non-

cemented group. Both studies of CP augmentation evalu-

ated follow-up radiographic parameters. Mattsson et al.

note that at 6 months follow-up, the mean sliding distance

Table 3 Functional and radiographic outcomes reported for augmented and control patients

Author Functional outcome

evaluated

Augmented Controls p value Radiographic parameter Augmented Controls p value

Bartucci [9] Iowa Hip Rating Scale 96 72 0.01 – – – –

Chow [10] Salvati Wilson

Rating Scale

21 excellent

29 good

11 fair

4 poor

– – – – – –

Dall’Oca [11] Harris Hip Score 57.91 59.86 NR Mean sliding distance of screw

(mm)

12.7 14.2 0.09

Lee [12] Hip Pain Score

Mobility Score

1.6

5.3

2.2

4.2

0.008

0.073

Mean sliding distance of screw

(mm)

1.7 10.5 \0.001

Femoral Shortening (mm) 3.8 140 \0.001

Varus deformity (�) 1.8 8.1 \0.001

Mattsson [14] – – – – Varus deformity (�)

Total translation (mm)

5.89

7.77

10.58

13.24

\0.05

\0.05

Mattsson [13] VAS Pain

VAS Function (10ft)

VAS Function (50 ft)

SF 36 General Health

7

7

7

80.9

9

11

12

66.3

[0.05

[0.05

[0.05

\0.02

Mean sliding distance of screw

(mm)

13.5 15.9 NR

Pun [15] Salvati Wilson

Rating Scale

10 excellent

20 good

10 fair

2 poor

– – – – – –

NR not reported
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of the screw in the CP augmented group was 13.5 mm

compared with 15.9 mm in the control group. Mattsson and

Larsson [14] evaluated radiographic parameters (transla-

tion and rotation) utilizing radiostereometry at 6 months

follow-up. They noted statistically significant less total

(7.77 vs. 13.24 mm, p \ 0.05), lateral (4.84 vs. 10.66 mm,

p \ 0.05), and distal translation (6.21 vs. 11.96 mm,

\0.01) in the CP augmented group compared to the control

group. Similarly, they noted statistically significant

decreased varus (5.89� vs. 10.57�, p \ 0.05) in the CP

augmented group compared to the control group. There

were no statistically significant differences in anterior/

posterior translation, forward/backward rotation, or retro-

version/anteversion. The one study [11] that utilized an

intramedullary nail for fixation noted a mean sliding dis-

tance of the femoral head screw of 12.7 mm in the PMMA

augmented group compared to 14.2 mm in the control

group (p = 0.09). Three studies met the criteria of having

data regarding mean and standard deviation data for sliding

on the hip screw [12–14]. Of these studies, the inverse

variance weighted mean difference of -5.1 mm (favoring

cementation) 95 % confidence interval -0.2, -10

(p = 0.04).

Complications

Each study considered complications, but there was

variability in which complications were recorded and

reported. The overall complication rate for all patients

who underwent PMMA or CP augmentation was 8.6 %

(24/280) (Table 4). When considering only studies that

included a control group, the complication rate was

5.8 % (10/173) versus 22.3 % (39/175) in controls

(p \ 0.001). Augmented fractures demonstrated 13 screw

cut-outs and no malunions while controls had 16 screw

cut-outs and 18 malunions. Failure to use augmentation

with a sliding hip screw device in five studies [10, 12–

15] led to 10.8-fold higher likelihood of construct failure

(p \ 0.01).

Discussion

In elderly patients, intertrochanteric fractures of the femur

are often associated with osteoporosis making it difficult to

achieve stable and reliable fixation. Optimization of oste-

oporotic bone architecture prior to fracture surgery is not

possible. Physicians have attempted to address poor bone

quality and comminution with fixed angled devices, and in

some cases, with PMMA or CP augmentation. This sys-

tematic review aimed to comprehensively assess the liter-

ature to determine the reported techniques, outcomes, and

complications associated with bone augmentation during

fixation of intertrochanteric femur fractures.

Techniques for introduction of PMMA or CP and for

fracture fixation, with or without an osteotomy, are not

standardized and an optimal delivery mechanism has not

been established. Furthermore, the location of augmenta-

tion has been variable, with some investigators introducing

PMMA into the femoral head while others have introduced

CP, via curved needles, into the posteromedial aspect of the

proximal femur. Several cadaveric, biomechanical studies

have demonstrated increased rotational stability, pull-out

resistance, cycles to failure with 3 and 5 ml of PMMA

cement augmentation via a perforated blade in an intra-

medullary nail [5–7]. However, as these studies do not

compare different techniques, the most biomechanically

favorable location and volume of material used for aug-

mentation has not been established.

Six of seven studies included an assessment of func-

tional outcome; however, only three studies [10, 12, 15]

utilized the same outcome variable. As a result, we were

unable to pool functional outcome data between studies to

generate frequency-weighted means across all studies. As a

result, studies must be viewed independently. Studies that

compared augmentation to a group of control patients were

variable in their outcomes. One study [9] reported worse

Iowa Hip Scores in the augmented group, another study

[11] noted similar Harris Hip Scores between groups, and

two studies [12, 13] noted improved pain and walking

Table 4 Complications in patients who underwent augmentation

Author Final # augmented

patients

Infection Hardware failure Cut-out Osteonecrosis Malunion Hematoma PE Total

complications

Bartucci [9] 28 0 0 3 1 0 0 2 6

Chow [10] 65 3 0 3 0 0 0 0 6

Dall’Oca [11] 35 0 0 0 0 0 0 0 0

Lee [12] 55 3 1 0 0 0 0 0 4

Mattsson [14] 11 0 0 0 0 0 0 0 0

Mattsson [13] 45 0 0 0 0 0 0 0 0

Pun [15] 42 0 0 6 1 0 1 0 8

Total 280 6 1 12 2 0 1 2 24 (8.6 %)
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scores in the augmented group. As a result, it is unclear

whether augmentation yields a distinct benefit in functional

outcomes, and this data is difficult to interpret given the

lack of data on bone mass density. It is possible that studies

that demonstrated an improvement in function after aug-

mentation had a greater number of severely osteoporotic

patients in the control group; whereas, studies that dem-

onstrated worse outcomes with augmentation had a greater

number of severely osteoporotic patients in the augmen-

tation group. Future studies should ensure case–control

matching in terms of bone mineral density.

Radiographic outcomes favored the augmentation group

in all studies that considered radiographic parameters. Two

studies evaluated lag screw sliding distance with both

demonstrating significantly less sliding in the augmented

group [11, 13]. Similarly, two studies examined varus

rotation and both reported significantly less rotation in the

augmented group [12, 14]. Mattsson and Larsson [14]

conducted the most complete radiographic assessment by

press-fitting tantalum markers into predrilled holes in the

proximal femur on each side of the main fracture line, for

subsequent radiostereometric analysis. The three-dimen-

sional position of each marker and the relative movement

of the femoral head and neck fragment were calculated

using specially designed software. Movements were

recorded as translations and rotations of the center of the

femoral head and rotations around three orthogonal axes.

There is no established gold standard for assessment of

radiographic outcome after intertrochanteric fracture fixa-

tion; however, it is clear that studies should all, at the least,

include an assessment of varus rotation and lag screw

sliding distance.

All studies considered complications; however, three

studies [13–15] did not report any complications in their

cases or controls. It is evident that these studies lack the

power necessary to adequately evaluate complications.

Also, given the short follow-up of the studies reviewed,

complications, especially avascular necrosis from the heat

generated by cement, may be underestimated and require

longer-term follow-up to appropriately study. Most impor-

tantly, when pooling data from all studies that included a

control group, the complication rate was significantly lower

in the augmented group (5.8 %) compared to the non-aug-

mented (control) group (22.3 %). This provides perhaps the

most compelling evidence that augmentation may serve a

beneficial role in the treatment of intertrochanteric femur

fractures. When considering the radiographic data that

demonstrates significantly decreased varus rotation and the

clinical data that demonstrates a lower complications rate,

with less episodes of screw cut-out and/or malunion, aug-

mentation of intertrochanteric femur fractures should be

considered a viable option when there is concern for poor

bone quality and inadequate fixation to allow for early

mobilization. In a recent publication, Kammerlander et al.

[16] reported a standardized technique for PMMA cement

augmentation of pertrochanteric femur fractures via perfo-

rations within a perforated blade. This study did not qualify

for inclusion in this systematic review due to the short

duration of follow-up (minimum 4 months); however, the

authors reported fracture healing in all cases with no cases

of cut-out, avascular necrosis, unexpected blade migration

implant loosening, or implant breakage.

This study has a number of weaknesses. As is typical of

any systematic review, the inherent weaknesses of each

individual study (retrospective, case series, short-term

follow-up, etc.) translate into limitations of this review.

The methodologies of the papers reviewed did not provide

controls for bias, confounding, or chance as articles were

mainly descriptive in nature. As such, our study is simply

an observational study of mostly observed studies but does

provide an overview of the literature available. Weaknesses

inherent to the member studies are not improved by

aggregating them. In addition, the studies reviewed utilized

different methods of outcomes evaluation and most did not

present raw data for each patient included in the analysis.

Furthermore, though we utilized a systematic methodology

that we believe to be reproducible, it is possible that dif-

ferent search terms and different search engines would

have provided additional studies that would have met our

inclusion criteria. Surgeries were performed over a 23-year

period, and so, improved techniques and technology over

this time frame may have influenced the outcomes;

although a post-study sensitivity analysis did not demon-

strate greater complications in more historic studies.

Finally, due to the limitations of the data available, we are

unable to compare outcomes in patients who undergo

augmentation with PMMA versus calcium–phosphate.

It is evident that fixation of the elderly intertrochanteric

femur fractures is often fraught with challenges, including

poor bone quality and comminution. Augmentation with

PMMA or CP has been utilized to help provide structural

support to the fixation construct. With an aging, more

active population, these types of fractures will continue to

increase in incidence and will require new and innovative

means of achieving stable fixation. Though augmentation

with PMMA and calcium–phosphate may be important in

this regard, more stringent research methodology is nec-

essary to determine the extent of their benefit.
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