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Nail or plate fixation for A3 trochanteric hip fractures: A systematic
review of randomised controlled trials
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A B S T R A C T

Continuing controversy exists for the choice of implant for treating A3 trochanteric hip fractures so we
undertook a systematic review of randomised controlled trials from the year 2000 onwards that have
compared an intramedullary nail with an extramedullary fixation implant for the treatment of these
fractures. Data on the occurrence of any fracture healing complications was extracted and the results
combined to calculate Peto odd ratio. Nine studies involving 370 fractures were identified. Three studies
involving 105 fractures compared an intramedullary nail with a static fixation (condylar, blade or locking
plate). Plate fixation was associated with a fivefold increase risk of fracture healing complications (19/52
(36.6%) versus 4/53(7.5%), odds ratio 0.14, 95% Confidence intervals 0.04–0.45). Six studies involving 265
fractures compared an intramedullary nail with a sliding hip screw. No statistically significant difference
was found in the occurrence of facture healing complications between implants (13/137(9.5%) versus 11/
128(8.6%) odds ratio 0.28, 95% Confidence intervals 0.50–2.80). Bases on the evidence to date from
randomised trials, the use of fixed nail plates for surgical fixation of this type of fracture cannot be
justified. Intramedullary nail fixation and the sliding hip screw have comparable fracture healing
complication rates.
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Introduction

Trochanteric fractures at the level of the lesser trochanter of the
femur include the fracture patterns of transverse, reversed and
comminuted fractures. These are classified as A3 fractures in the
Orthopaedic Trauma Association and AO classification system [1].
This fracture configuration presents significant challenges in their
surgical fixation due to the medial displacement of the femur. This
occurs as a consequence of the loss of lateral femur cortical bone
support. Increased degrees of femoral medialization have been
shown to be associated with a progressive increase in the risk of
fixation failure [2–5]. Previous studies have highlighted the
potentially high fixation failure rate for this type of fracture,
regardless of the type of implant used [6,7].

Static or fixed angle nail plate fixation has been suggested as a
method of treating this fracture [7]. Static implants include the
95 � blade plate, condylar plate and the more recently developed
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femoral reconstruction locking plate. These implants fix the
fracture solidly, with no capacity for sliding of the construct or
femoral medialization. The traditional sliding hip screw (SHS) has
a 135 � angle between the plate and lag screw and sliding and
collapse may occur at the fracture site. For the A3 fractures this
may lead to medial displacement of the femur with excessive
consumption of the lag screw slide [4,5]. In theory an intra-
medullary nail may resist femoral medialization as the proximal
portion of the nail will impact against the proximal femur [3].
This has led some reviews to suggest that this fracture type
should be treated with an intramedullary implant [8–10].

The trend to the increased use of intramedullary fixation has
been supported by biomechanical studies that are frequently
quoted to favour intramedullary nail fixation [11–14]. Unfortu-
nately these theoretical and biomechanical studies do not
necessary predict what happens in vivo. Early designs of these
intramedullary nails were associated with an increased risk of
fracture healing complications compared to the SHS but the more
contemporary designs now produce comparable outcomes to that
of the sliding hip screw for trochanteric hip fractures [15].

To date there has been very limited supporting evidence for
these different treatment methods from clinical studies for A3
fractures. This is because this fracture pattern is uncommon and
or A3 trochanteric hip fractures: A systematic review of randomised
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the treatment has to be undertaken in the emergency situation.
Case series reports provide only limited value due to the selection
of cases and the variation in surgical techniques. Randomised trials
enable a more robust method of evaluating the different implants.
We have therefore undertaken a systematic review of contempo-
rary randomised trials that have compared different methods of
surgical fixation for A3 trochanteric hip fracture.

Patients and methods

We undertook the literature review using the search
strategies for the Cochrane library review on nails versus
sliding hip screw for extracapsular hip fractures [15,16]. This
included searches of the Cochrane Bone, Joint and Muscle
Trauma Group Specialised Register, the Cochrane Central
Register of Controlled Trials, MEDLINE (2000 week 1 to March
week 1 2017) and EMBASE (2000 week 1 to 2017 Week 1) [15].
No language or publication restrictions were applied. All
randomised controlled trials comparing an extramedullary
fixation implant with an intramedullary nail for A3 fractures
were assessed for inclusion in the review. Data was extracted
independently by two reviewers and differences resolved by
discussion. Additional information was sought from authors of
any study that was reported to include A3 fractures without
providing separate data for this fracture type.

Fracture healing complications were defined as cut-out of the
implant (including central penetration of the lag screw), non-
union of the fracture, later avascular necrosis of the femoral
head, plate detachment from the femur, re-fracture around the
implant (excluding fractures of the femur that do not involve the
site of the implant and those that occurred during surgery),
breakage of the implant, any other major complications needing
significant revision surgery. Patients with more than one of the
above complications were only counted once. We excluded
minor complications such as removal or change of the screw,
dynamization of the implant and attention to wound healing
complications.

Data extracted from the studies was summarized in forest plots
to calculate the Peto odds ratio (OR) and 95% confidence interval
(CI). All meta-analysis and graphing was using RevMan (version
5.3; The Cochrane Collaboration, Copenhagen, Denmark). Hetero-
geneity of the studies was estimated by calculating both the I2

statistic and the chi-squared test of heterogeneity. An I2 value of
more than 50% was considered indicative of heterogeneity.
Individual study results were combined using the Mantel-
Haenszel method using a fixed effects model assuming the I2

statistic was less than 50%. A random effects model would have
been used if the I2 statistic was more than 50%.
Fig. 1. Flow diagram for the inc
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Results

Fig. 1 details the studies that were identified and those that
were excluded and included within the review Twenty-four
studies were excluded [18–42]. Data from nine studies were
included. Three of these studies were for fixed nail plates and the
remainder were for the sliding hip screw. Five different type of
intramedullary nail were used. For the study of Haq [44], this study
included some A2 fractures with loss of the lateral wall so they
acted as A3 fractures with femoral medialisation. Table 1 gives the
characteristics of the included studies. The methodology assess-
ment of the studies was using that of the Cochrane collaboration
with one point allocated for six trial features of random sequence
generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment for pain and function,
incomplete outcome data and free of selective reporting [15].

Fig. 2 summarises the results split for either the fixed nail plates
or the sliding hip screw. For the three studies of static implants
involving 105 participants, 4 of the 53 nail fixation patients had
fracture healing complications (7.5%) against 19 of the 52 plate
fixations (36.6%). This difference was statistically significant (odds
ratio 0.14, 95% Confidence intervals 0.04-0.45). For the comparison
of nail versus the SHS, six studies involving 265 fractures were
identified. 13 of the 137 nail fixations had complications (9.5%)
versus 11 of the 128 SHS fixations (8.6%). This difference was not
statistically significant (odds ratio 0.28, 95% Confidence intervals
0.50–2.80).

Discussion

The results of this study show a clear difference in outcomes
between those fractures treated with a fixed or static nail plate and
those treated with a sliding hip screw. The nail fixation appears to
produce fixation failure rates similar to that of the SHS. There was
excellent agreement between the different studies. We only
included studies from the year 2000 onwards. This was because the
results for the early studies had shown variable results for the nail
fixation with a tendency to a fixation failure rate that was twice
that of the SHS [15,52]. Considerable changes have been made to
the design of the intramedullary nails which make the results for
these earlier studies obsolete.

The advantages of this study are the comprehensive literature
search, standardised methods for systematic review [53] and
meta-analysis and the concentrating on randomised studies to
avoid biases. Problem with this study was that we had to exclude a
number of studies on trochanteric fracture that did not separate
out the results for the A3 fractures. A number of these studies used
the Jensen and Michaleston classification of trochanteric fractures
lusion/exclusion of studies.

or A3 trochanteric hip fractures: A systematic review of randomised
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Table 1
Characteristics of the included studies.

nor Year Number patients Mean age (range) % male Type nail Type plate Score

Intramedullary nail versus fixed or static plates
Pelet [50] 2001 26 71 (21-94) 35% Gamma 90� blade plate 3
Sadowski [51] 2002 39 78 (63-93) 31% PFN Dynamic condylar screw 2
Haq [44] 2014 40 55 (39-73) 70% PFN Locking plate 3
Intramedullary nail versus the sliding hip screws
Adams [43] 2001 16 81 (32-102) * 25% * Gamma SHS 4
Pajarinen [47] 2005 11 80 (69-91) * 33% * PFN SHS 2
Ovesen [46] 2006 10 79 (67-91) * 28% * Gamma SHS 3
Parker [48] 2012 58 82 (61-99) 10% Targon PF SHS 4
Matre [45] 2013 139 84 * 33% * Intertan SHS 3
Parker [49] 2017 31 82 (59-95) 16% Targon PFT SHS 4

*The figures were for the whole series of patients in the paper and not specific to just those with A3 fractures.
SHS = Sliding hip screw.
PFN = Proximal femoral nail.
Targon PF = Targon proximal femoral nail.
Targon PFT = Targon proximal femoral nail telescrew.

Fig. 2. Forest plot for the included studies.
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which did not allow separation of the A3 fractures [54]. Other
problems related to classification were the studies of Haq [44] and
Pelet [50] which may have also included some A2 fractures. For
these studies all fractures were described as having loss of lateral
wall support allowing femoral medialisation and such fractures
can be considered as equivalent to an A3 fracture. The methodolo-
gy scoring of the included studies also indicated varying study
methods with scores ranging from 2 to 4 out of a maximum of 6.
This gives the potential for bias which may preclude making
definite conclusions.

The role of the supplementary trochanteric stabilising plate for
SHS fixation of trochanteric fractures remains uncertain. The
plate is designed to reduce femoral medialisation by abutting
against the greater trochanter. No such plates were used in either
the studies of Parker [48,49] and there was no mention of
stabilising plates being used in the other three SHS studies
[43,46,47]. Whilst for the study of Matre 75% of patients treated
with a SHS fixation had an addition of a stabilising plate [45]. To
date there in little reported evidence from the literature to
comment on the merit of these plates [55]. Within this review we
Please cite this article in press as: M. Parker, et al., Nail or plate fixation f
controlled trials, Injury (2018), https://doi.org/10.1016/j.injury.2018.05.0
were not able to consider the complication of loss of fracture
reduction with the fixation not cutting-out or failing. This is
because the complication of loss of fixation was not clearly
defined or reported within the included studies. It is possible that
the addition of the stabilising plate will reduce any loss of fracture
reduction, although this remains to be demonstrated in clinical
studies, as does the role of this supplementary plate for the
occurrence of fracture healing complications.

The proximal part of an intramedullary nail fixation may also
play a part in reducing femoral medialisation by abutting against
the femoral neck. A previous study has reported that increased
femoral medialisation is associated with poorer regain of mobility
[2]. Some of the randomised trials that have comparing an
intramedullary nail with the SHS have suggested a tendency to
slightly better regain of mobility for the nail [17,36,48,49,56].

A report from the Norwegian Hip Fracture Register of 2716
patients with reverse/transverse/subtrochanteric fractures treated
with either an intramedullary nail or extramedullary fixation
reported lower re-operation rates (6.4% versus 3.8%) and a
tendency to better regain of function for those patients treated
or A3 trochanteric hip fractures: A systematic review of randomised
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with an intramedullary nail [57]. This study included subtrochan-
teric fractures making direct comparison with just A3 fractures
difficult. 63% of the extramedullary fixations had a supplementary
trochanteric stabilising plate.

In summary this study demonstrated that there are clear
differences (four fold) in the occurrence of fracture healing
complications for A3 fractures for static/fixed nail plates compared
to either the SHS or an intramedullary nail. A similar complication
rate was seen for either an intramedullary nail or the SHS.
Therefore it is acceptable to conclude that A3 fractures should not
be treated using a fixed/static plate but it is incorrect to state that
intramedullary nail fixation is superior to a SHS. Further studies
comparing contemporary intramedullary implants with a sliding
hip screw are justified, with particular reference to assessing
functional outcomes. The role of a trochanteric stabilising plate
used in conjunction with a SHS fixation needs to be evaluated.

Conflict of interest statement

None of the authors have any conflict of interest in relationship
to this article.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.injury.2018.05.017.

References

[1] Orthopaedic Trauma Association. Committee for coding and classification:
fracture and dislocation compendium. J Orthop Trauma 1996;10(1 Suppl):S1–
154.

[2] Bretherton CP, Parker MJ. Femoral medialization, fixation failures and
functional outcome in trochanteric hip fractures treated with either a
sliding hip screw or intramedullary nail from within a randomised trial. J
Orthop Trauma 2016;30(12):642–6.

[3] Kokoroghiannis C, Aktselis I, Deligeorgis A, et al. Evolving concepts of stability
and intramedullary fixation of intertrochanteric fractures– a review. Injury
2012;43:686–93.

[4] Palm H, Jacobsen S, Sonne-Holm S, et al. Integrity of the lateral femoral wall in
intertrochanteric hip fractures. An important predictor of a reoperation. J Bone
Jt Surg A 2007;89:470–5.

[5] Parker MJ. Trochanteric hip fractures; fixation failure commoner with femoral
medialisation, a comparison of 101 cases. Acta Orthop Scand 1996;67(4):329–
32.

[6] Brammer TJ, Kendrew J, Khan RJK, Parker MJ. Reverse obliquity and transverse
fractures of the trochanteric region of the femur: a review of 101 cases. Injury
2005;36:851–7.

[7] Haidukewych GJ, Israel TA, Berry DJ. Reverse obliquity fractures of the
intertrochanteric region of the femur. J Bone Jt Surg [Am] 2001;83-A(5):643–50.

[8] American Academy of Orthopaedic Surgeons. Management of Hip Fractures in
the Elderly. Available from. 2014. http://www.aaos.org/research/guidelines/
HipFxGuideline.pdf.

[9] Haidukewych GJ. Intertrochanteic fractures: ten tips to improve results. J Bone
Jt Surg [Am] 2009;91-A:712–9.

[10] Socci AR, Cascmyr NE, Leslic MP, Baumgaertner MR. Implant options for the
treatment of intertrochanteric fractures of the hip; rationale, evidence, and
recommendations. Bone Jt J Br 2017;99-B:128–33.

[11] Curtis MJ, Jinnah RH, Wilson V, Cunningham BW. Proximal femoral fractures: a
biomechanical study to compare intramedullary and extramedullary fixation.
Injury 1994;25(2):99–104.

[12] Friedl W, Clausen J. Experimental examination for optimized stabilisation of
trochanteric femur fractures, intra- or extramedullary implant localisation and
influence of femur neck component profile on cut-out risk. Chirurg
2001;71:1344–52.

[13] Knobe M, Gradl G, Buecking B, Gackstatter S, Sonmez TT, Ghassemi A, Stromps
J-P, Prescher A, Pape H-C. Locked minimally invasive plating versus fourth
generation nailing in the treatment of AO/OTA 31A2.2 fractures: a
biomechanical comparison of PCCP and intertan nail. Injury 2015;46:1475–82.

[14] Kuzyk PR, Lobo J, Whelan D, zdero R, McKee MD, Schemitsch EH, et al.
Biomechanical evaluation of extramedullary versus intramedullary fixation
for reverse obliquity intertrochanteric fractures. J Orthop Trauma 2009;23
(1):31–8.

[15] Parker MJ, Handoll HHG. Gamma and other cephalocondylic intramedullary
nails versus extramedullary implants for extracapsular hip fractures in adults.
Cochrane Database Syst Rev 2010(9), doi:http://dx.doi.org/10.1002/14651858.
CD000093.pub5 Art. No.: CD000093.
Please cite this article in press as: M. Parker, et al., Nail or plate fixation f
controlled trials, Injury (2018), https://doi.org/10.1016/j.injury.2018.05.0
[16] JPT Higgins, S Green, Highly sensitive search strategies for identifying reports
of randomized controlled trials in MEDLINE. Cochrane Handbook for
Systematic Reviews of Interventions 4.2.6 [updated September 2006];
Appendix 5b. www.cochrane.org/resources/handbook/hbook.htm (accessed
01 May 2007).

[17] Dujardin FH, Benez C, Polle G, Alain J, Biga N, Thomine JM. Prospective
randomized comparison between a dynamic hip screw and a mini-invasive
statis nail in fractures of the trochanateric area: preliminary results. J Orthop
Trauma 2001;15(6):401–6.

[18] Barton TM, Gleeson R, Topliss C, Greenwood R, Harries WJ, Chesser TJ. A
comparison of the long gamma nail with the sliding hip screw for the
treatment of AO/OTA 31-A2 fractures of the proximal part of the femur; a
prospective randomized trial. J Bone Jt Surg Am Vol 2010;92(4):792–8.

[19] Chechik O, Amar E, Khashan M, Pritsch T, Drexler M, Goldstein Y, Steinberg EL.
Favorable radiographic outcomes using the expandable proximal femoral nail
in the treatment of hip fractures - a randomized controlled trial. J Orthop
2014;11(2):103–9.

[20] Guerra MTE, Pasqualin S, Souza M, Lenz R. Functional recovery of elderly
patient with surgically treated intertrochanteric fractures; preliminary results
of a randomised trial comparing the dynamic hip screw and proximal femoral
nail techniques. Injury 2014;4555:S26–31.

[21] Guo Q, Shen Y, Zong Z, Zhao Y, Liu H, Hua X, Chen H. Percutaneous compression
plate versus proximal femoral nail anti-rotation in treating elderly patients
with intertrochanteric fractures: a prospective randomized study. J Orthop Sci
2013;18:977–86.

[22] Hong J-Y, Suh S-W, Park J-H, Shin Y-S, Yoon J-R, Yang J-H. Comparison of soft-
tissue serum markers in stable intertrochanteric fracture: dynamic hip screw
versus proximal femoral nail—a preliminary study. Injury 2001;42:204–8.

[23] Mehdi SA, Kinninmonth AWG, MacLeod C, McKenzie E, James PJ. Extracapsular
hip fracture fixation: a prospective randomised comparison of the
intramedullary hip screw with the sliding hip screw [abstract]. Injury
2000;31:287.

[24] Reindl R, Harvey EJ, Berry GK, Rahme E. Intramedullary versus extramedullary
fixation for unstable intertrochanteric fractures: a prospective randomized
controlled trial. Bone J Surg Am 2015;97-A:1905–12.

[25] Saudan M, Lubbeke A, Sadowski C, Riand N, Stern R, Hoffmeyer P.
Pertrochanteric fractures: is there an advantage to an intramedullary nail?
A randomized, prospective study of 206 patients comparing the dynamic hip
screw and proximal femoral nail. J Orthop Trauma 2002;16(6):386–93.

[26] Saunders D, Bryand D, Tieszer C, et al. A multicenter randomized control trial
comparing a novel intramedullary device (InterTAN) versus conventional
treatment (sliding hip screw) of geriatric hip fractures. J Orthop Trauma
2017;31(1):1–8.

[27] Varela-Egocheaga JR, Iglesias-Colao R, Suarez-Suarez MA, Fernandez-Villan M,
Gonzalez-Sastre V, Murcia-Mazon A. Minimally invasive osteosynthesis in
stable trochanteric fractures: a comparative study between gotfried
percutaneous compression plate and gamma 3 intramedullary nail. Arch
Orthop Trauma Surg 2009;129(10):1401–7.

[28] Zhou F, Zhang ZS, Yang H, Tian Y, Ji HQ, Guo Y, Lv Y. Less invasive stabilization
system (LISS) versus proximal femoral nail anti-rotation (PFNA) in treating
proximal femoral fractures: a prospective randomized study. J Orthop Trauma
2012;26(3):155–62.

[29] Aktselis I, Kokoroghiannis C, Fragkomichalos E, Koundis G, Deligeorgis A,
Daskalakis E, Vlamis J, Papaioannou N. Prospective randomised controlled trial
of an intramedullary nail versus a sliding hip screw for intertrochanteric
fractures of the femur. Int Orthop 2014;38:155–61.

[30] Ekstrom W, Karlsson-Thur C, Larsson S, Ragnarsson B, Alberts K-A. Functional
outcome in treatment of unstable trochanteric and subtrochanteric fractures
with the proximal femoral nail and the Medoff sliding plate. J Orthop Trauma
2007;21(1):18–25.

[31] Garg B, Marimuthu K, Kumar V, Malhotra R, Kotwal PP. Outcome of short
proximal femoral nail antirotation and dynamic hip screw for fixation of
unstable trochanteric fractures. A randomised prospective comparative trial.
Hip Int 2011;21:531–6.

[32] Giraud B, Dehoux E, Jovenin N, Madi K, Harisboure A, Usandizaga G, et al.
Pertrochanteric fractures: a randomized prospective study comparing
dynamic screw plate and intramedullary fixation [comparaison vis-plaque
dynamique et osteosynthese intra-medullaire anterograde dans les fractures
pertrochanteriennes: une etude prospective randomisee]. Revue de Chirurgie
Orthopedique et Reparatrice de l’Appareil Moteur 2005;91(8):732–6.

[33] Harrington P, Nihal A, Singhania AK, Howell FR. Intramedullary hip screw
versus sliding hip screw for unstable intertrochanteric femoral fractures in the
elderly. Injury 2002;33(1):23–8.

[34] Han G, Wei W, Gu J. Comparison of proximal femoral locking plate and gamma
nail in the treatment of femoral intertrochanteric fractures in the elderly.
China J Orthop Trauma 2012;25(10):796–9.

[35] Kouvidis G, Sakellariou VI, Mavrogenis AF, Stavrakakis J, Kampas D, Galanakis J,
Papagelopoulos PJ, Katonis P. Dual lag screw cephalomedullary nail versus the
classic sliding hip screw for the stabilization of intertrochanteric fractures. A
prospective randomized study. Strat Traum Limb Recon 2012;7: 155-52.

[36] Little NJ, Verma V, Fernando C, Elliott DS, Khaleel A. A prospective trial
comparing the Holland nail with the dynamic hip screw in the treatment of
intertrochanteric fractures of the hip. J Bone Jt Surg Br 2008;90(8):1073–8.

[37] Marques Lopez F, Pelfort Lopez X, Garcia Casas O, Ramirez Valencia M, Leon
Garcia Vao A, Ballester Soleda J. Prospective, comparative, randomized study of
the sliding screw and gamma nail in the treatment of pertrochanteric fractures
or A3 trochanteric hip fractures: A systematic review of randomised
17

https://doi.org/10.1016/j.injury.2018.05.017
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0005
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0005
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0005
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0010
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0010
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0010
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0010
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0015
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0015
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0015
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0020
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0020
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0020
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0025
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0025
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0025
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0030
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0030
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0030
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0035
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0035
http://www.aaos.org/research/guidelines/HipFxGuideline.pdf
http://www.aaos.org/research/guidelines/HipFxGuideline.pdf
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0045
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0045
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0050
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0050
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0050
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0055
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0055
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0055
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0060
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0060
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0060
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0060
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0065
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0065
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0065
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0065
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0070
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0070
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0070
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0070
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0075
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0075
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0075
http://dx.doi.org/10.1002/14651858.CD000093.pub5
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0075
http://www.cochrane.org/resources/handbook/hbook.htm
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0085
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0085
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0085
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0085
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0090
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0090
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0090
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0090
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0095
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0095
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0095
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0095
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0100
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0100
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0100
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0100
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0105
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0105
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0105
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0105
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0110
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0110
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0110
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0115
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0115
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0115
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0115
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0120
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0120
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0120
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0125
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0125
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0125
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0125
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0130
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0130
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0130
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0130
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0135
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0135
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0135
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0135
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0135
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0140
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0140
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0140
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0140
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0145
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0145
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0145
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0145
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0150
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0150
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0150
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0150
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0155
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0155
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0155
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0155
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0160
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0160
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0160
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0160
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0160
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0160
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0165
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0165
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0165
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0170
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0170
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0170
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0175
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0175
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0175
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0175
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0180
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0180
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0180
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0185
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0185
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0185
https://doi.org/10.1016/j.injury.2018.05.017


M. Parker et al. / Injury, Int. J. Care Injured xxx (2018) xxx–xxx 5

G Model
JINJ 7691 No. of Pages 5
[Estudio prospectivo aleatorio comparativo del tornillo deslizante y el clavo
gamma en el tratamiento de las fracturas pertrocantereas]. Revista de
Ortopedia y Traumatologia 2002;46(6):505–9.

[38] Michos I, Brakoulakis E, Pastroudis A, Loutriotis A, Adamopoulos G. The
gamma nail system compared to sliding nail and plate for peritrochanteric
fractures [abstract]. J Bone Jt Surg Br Vol 2001;83(Suppl 2):193.

[39] Miedel R, Ponzer S, Tornkvist H, Soderqvist A, Tidermark J. The standard
gamma nail or the Medoff sliding plate for unstable trochanteric and sub-
trochanteric fractures: a randomised, controlled trial. J Bone Jt Surg Br Vol
2005;87(1):68–75.

[40] Papasimos S, Koutsojannis CM, Panagopoulos A, Megas P, Lambiris E. A
randomised comparison of AMBI, TGN and PFN for treatment of unstable
trochanteric fractures. Arch Orthop Trauma Surg 2005;125(7):462–8.

[41] Verettas D-AJ, Ifantidis P, Chatzipapas CN, Drosos GI, Xarchas KC, Chloropoulou
P, et al. Systematic effects of surgical treatment on hip fractures: gliding screw-
plating vs intramedullary nailing. Injury 2010;41(3):279–84.

[42] Xu YZ, Geng DC, Mao HQ, Zhu XS, Yang HL. A comparison of the proximal
femoral nail aAntirotation device and dynamic hip screw in the treatment of
unstable pertrochanteric fracture. J Int Med Res 2010;38:1266–75.

[43] Adams CI, Robinson CM, Court-Brown C, McQueen MM. Prospective
randomised controlled trial of an intramedullary nail versus dynamic hip
screw and plate for intertrochanteric fractured femur. J Orthop Trauma
2001;15(6):394–400.

[44] Haq RU, Manhas V, Pankaj A, Srivastava A, Dhammi IK, Jain AK. Proximal
femoral nails compared with reverse distal femoral locking plates in
intertrochanteric fractures with a compromised lateral wall: a randomised
controlled trial. Int Orthop 2014;38:1443–9.

[45] Matre K, Vinje T, Havelin LI, Gjertsen J-E, Furnes O, Espehaug B, Kjellevoid S-H,
Fevang JM. Trigen intertan intramedullary nail versus sliding hip screw; A
prospective, randomized multicentre study on pain, function, and
complications in 684 patients with an intertrochanteric or subtrochanteric
fracture and one year follow-up. J Bone Jt Surg Am 2013;95(3):200–8.

[46] Ovesen O, Andersen M, Poulsen T, Nymark T, Overgaard S, Rock ND. The
trochanteric gamma nail versus the dynamic hip screw: a prospective
randomised study. One-year follow-up of 146 intertrochanteric fractures. Hip
Int 2006;16(4):293–8.

[47] Pajarinen J, Lindahl J, Michelsson O, Savolainen V, Hirvensalo E.
Pertrochanteric femoral fractures treated with a dynamic hip screw or a
Please cite this article in press as: M. Parker, et al., Nail or plate fixation f
controlled trials, Injury (2018), https://doi.org/10.1016/j.injury.2018.05.0
proximal femoral nail; a randomised study comparing post-operative
rehabilitation. J Bone Jt Surg Br Vol 2005;87(1):76–81.

[48] Parker MJ, Bowers TR, Pryor GA. Sliding hip screw versus the targon PF nail in
the treatment of trochanteric fractures of the hip: a randomised trial of 600
fractures. J Bone Jt Surg Br 2012;94-B:391–7.

[49] Parker MJ, Crawley S. Sliding hip screw versus the targon PFT nail for
trochanteric hip fractures; a randomised trial of 400 patients. Bone Jt J Br
2017;99-B(9) 121-15.

[50] Pelet S, Arlettaz Y, Chevalley F. Osteosynthesis of per- and subtrochanteric
fractures by blade plate versus gamma nail. A randomized prospective study
[Osteosynthese des fractures per- et sous-trochanteriennes par plaque
angulee versus clou gamma. Une etude prospective randomisee]. Swiss Surg
2001;7(3):126–33.

[51] Sadowski C, Lubbeke A, Saudan M, Riand N, Stern R, Hoffmeyer P. Treatment of
reverse oblique and transverse intertrochanteric fractures with use of an
intramedullary nail or a 95 degree screw-plate. J Bone Jt Surg Am
2002;84:371–81.

[52] Bhandari M, Schemitsch E, Jonsson A, Zlowodzki M, Haidukewych G. Gamma
nails revisited: gamma nails versus compression hip screws in the
management of intertrochanteric fractures of the hip: a meta-analysis. J
Orthop Trauma 2009;23:460–4.

[53] Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. BMJ 2009;339:b2535, doi:http://dx.doi.org/10.1136/bmj.b2535.

[54] Jensen JS. Classification of trochanteric fractures. Acta Orthop Scand
1980;51:803–10.

[55] Hsu C-E, Chiu Y-C, Tsai S-H, Lin T-C, Lee M-H, Huang K-C. Trochanteric
stabilising plate improves treatment outcomes in AO/OTA 31-A2
intertrochanteric fractures with critical thin femoral lateral walls. Injury
2015;46:1047–53.

[56] Hardy DC, Descamps P, Krallis P, Fabeck L, Smets P, Bertens CL, et al. Use of an
intramedullary hip-screw compared with a compression hip-screw with a
plate for intertrochanteric femoral fractures. A prospective, randomized study
of one hundred patients. J Bone Jt Surg [Am] 1998;80(5):618–30.

[57] Matre K, Havelin LI, Gjertsen JE, Vinje T, Espehaug B, Fevang JM. Sliding hip
screw versus IM nail in reverse oblique trochanteric and subtrochanteric
fractures. A study of 2716 patients in the Norwegian hip fracture register.
Injury 2013;44(6):735–42.
or A3 trochanteric hip fractures: A systematic review of randomised
17

http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0185
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0185
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0185
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0190
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0190
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0190
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0195
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0195
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0195
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0195
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0200
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0200
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0200
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0205
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0205
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0205
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0210
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0210
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0210
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0215
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0215
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0215
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0215
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0220
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0220
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0220
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0220
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0225
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0225
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0225
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0225
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0225
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0230
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0230
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0230
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0230
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0235
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0235
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0235
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0235
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0240
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0240
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0240
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0245
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0245
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0245
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0250
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0250
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0250
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0250
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0250
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0255
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0255
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0255
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0255
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0260
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0260
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0260
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0260
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0265
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0265
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0265
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0270
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0270
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0275
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0275
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0275
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0275
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0280
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0280
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0280
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0280
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0285
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0285
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0285
http://refhub.elsevier.com/S0020-1383(18)30259-6/sbref0285
https://doi.org/10.1016/j.injury.2018.05.017

	Nail or plate fixation for A3 trochanteric hip fractures: A systematic review of randomised controlled trials
	Introduction
	Patients and methods
	Results
	Discussion
	Conflict of interest statement
	Appendix A Supplementary data
	References


