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Trochanteric hip fractures may be fixed with either sliding hip screws or intramedullary devices. Current UK

guidance is that intramedullary fixation should be used for AO/OTA 31A3 fractures but does not stipulate length

of nail. We present a systematic review comparing short and long nails for these injuries in older patients.
Three studies were randomized, all with methodological concerns. None demonstrated a clinically significant

There is no good evidence to support long over short intramedullary devices in this scenario. Evidence is
required to demonstrate whether the potentially increased surgical risk confers any benefits in this group.

1. Introduction

Hip fractures are life-changing and frequently fatal or pre-terminal
injuries occurring predominantly in older patients, in the context of
deteriorating bone health and physiological reserve. Their impact on
quality of life is profound and the goals of managing them centre on
regaining as much function and quality of life as is possible; notwith-
standing this, it has been demonstrated that patients experience a per-
manent decline in self-reported quality of life after hip fracture.! A
recent initiative in the United Kingdom (UK) to improve hip fracture
care in the form of both national guidelines and quality standards and a
registry with incentivization payments for compliance has led to
reduced time to surgery, a higher proportion of patients being assessed
pre-operatively by specialists in medicine for older people and an overall
reduction in mortality.” Overall hip fracture remains, however, an
enormous burden on both patients and healthcare systems, with an
estimated annual economic impact in excess of £1 bn.’

The approach to treatment is broadly based on replacement surgery
for fractures occurring within the capsule of the hip joint and fixation of
those outside it.* The sliding hip screw (SHS) has been the standard of
care for stable trochanteric fractures for more than two decades but
intramedullary or cephalomedullary devices, originally used primarily
in subtrochanteric femoral fractures, have seen increasing use in
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trochanteric fractures.” Technical benefits of the implant include on-axis
fixation, a provision of a buttress against further collapse when
trochanteric comminution is a concern and a largely percutaneous
technique.

Guidance in the UK remains to prefer sliding hip screw over intra-
medullary fixation for AO/OTA 31A1 and A2 fractures,”® as multiple
clinical trials have failed to demonstrate a measurable benefit to patients
from intramedullary fixation. Where there is clear guidance, however, is
in the A3 fracture group which represents a highly unstable transverse or
reverse oblique pattern biomechanically unsuited to off-axis fixation
with the SHS.

In the context of increasing interest in intramedullary fixation, a
number of manufacturers introduced shorter devices designed specif-
ically for the fixation of more proximal fractures. These offer the benefits
of an instrumentation system requiring no radiographically-guided ste-
reotactic bolt placement at the distal end and offering the ability to
introduce them without the use of flexible reamers in the femur and
hence with a shorter operative time than their longer counterparts. The
early generations of this device experienced high rates of failure with
metallurgy, diameter, bow, distal locking bolt and distal taper all
contributing to a high periprosthetic fracture rate. Subsequent genera-
tions have addressed these issues but, notwithstanding, many surgeons
routinely prefer a longer variant to minimize exposure to these risks.
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Identification

‘ 170 records identified by database search

170 records screened

- 153 records excluded

‘ 17 full text articles assessed for eligibility ‘ ‘ ‘ 8 further records excluded

li ty

Inclusion ‘ 9 studies in final review

Fig. 1. Flowchart of studies in review.

Whilst the logic of a longer device with significant distal fixation may
be appealing, it should not be seen as a benign solution. It has recently
been demonstrated that a significantly increased mortality exists in
those patients undergoing intramedullary fixation over those with
sliding hip screw fixation.” Whilst the aetiology of this is not fully un-
derstood, and this work did not separate short and long nails, it must be
taken into consideration that an operation that takes longer, involves
more femoral instrumentation and thus may create more embolic phe-
nomena and entail more, hidden blood loss may play its part in
contributing to this difference.

Physiological insult is an important factor in hip fracture surgery —
the patients are, by definition, frail and the key aim of surgery is to leave
the patient recumbent for as short a time as possible. To this end, one of
the key performance indicators in the NHFD report is the mobilization of
the patient on the day after surgery, a target missed in one in five pa-
tients and with post-operative hypotension being one of the key causes
cited in patients where this was not achieved.

Another challenging problem is that of post-operative confusion and
delirium (POCD). A number of factors have been associated with this
and anaesthetic techniques favouring spinal over general anaesthesia
and using the lightest possible sedation have become popular. A recent
retrospective, registry-based study in Canada reported a 6% increase in
risk of POCD per additional half-hour of surgery in addition to that seen
in association with general anaesthesia® — in this context, it is again clear
that shorter operations can confer patient benefit in this high-risk pa-
tient group. It has yet to be well-demonstrated whether there is a time
benefit to either device.

In this systematic review we identify and summarize the results of
studies comparing short and long intramedullary devices for the fixation
of extracapsular fractures of the hip in patients aged over 60 years.

2. Methods

This systematic review complied with PRISMA guidelines and was
registered with PROSPERO (128103).

2.1. Eligibility criteria

We included only randomized controlled trials and retrospective or
prospective cohort studies, thereby analysing a minimum level III evi-
dence. These studies compared long with short intramedullary fixation
in patients aged 60 years or over with AO/OTA 31A1, 2 or 3 extrac-
apsular hip fractures. To be included, each study had to report on at least
one outcome measures from: quality of life (encompassing self-reported
mobility); objective functional assessments of mobility; length of acute
in-patient stay; change of residential status; duration of surgery; blood
loss; post-operative venous thromboembolism; peri-prosthetic fracture;
failure of fixation; death.
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2.2. Search strategy

Embase, MEDLINE, Web of Science Core Collection and Google
Scholar were queried to identify the widest possible list of potential
studies for inclusion.”

Search strategy based on; (Intertrochanteric or pertrochanteric or
extracapsular) and (intramedullary or cephalomedullary) and (long or
short).

The timeframe of the search was not limited. The language was
limited to English.

2.3. Study selection

Two independent reviewers identified eligible studies from the
search in line with the eligibility criteria. Concordance review was then
performed by a third reviewer.

2.4. Risk of bias assessment

Randomized studies were assessed using the RoB2 tool from the
Cochrane Collaboration'” and non-randomized studies with the
ROBINS-I tool. "’

2.5. Data synthesis

This review focused on narrative synthesis, due to the diverse range
of outcomes and small numbers of eligible studies.

3. Results
The results yielded by the literature search are outlined in Fig. 1.
4. Methodologies

Three studies, Okcu et al., Galanopoulos et al. and Shannon et al. had
a randomized, controlled design. Okcu’s work was planned as a pilot
study and hence did not use a sample size calculation, whereas Shannon
used a sample size appropriate to the outcome measure but not to the
population on whom it was used, as it was informed by the MCID for
other operations. Patients with dementia were also excluded. Gal-
anopoulos et al. did not describe an a priori sample size calculation. All
the randomized investigations were assessed to have some concerns over
risk of bias.

Of the non-randomized studies, one involved prospective follow-up
of non-randomized cohorts and the remainder retrospective review of
clinical records. All of these studies were either at serious risk of bias or
reported inadequate information to make a judgement.
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Table 1
Eligible studies, showing sample characteristics, by group.
Study Country, Study design Device model (long/ Sample OTA Length of ASA3or Ageinyrs Gender M/ Risk of
year (level of short) size classification follow-up 4 (range) F bias
evidence) Long/ (31A1/2/3) (months)
Short
Okcu G et al.'”  Turkey, RCT (1) PFNA/PFNA 240 mm 18 15 0/0/33 Long 15'*%°  N/A Long 81 Long 4/14  Some
(73-89) concerns
2013 Short 14'**° Short 78 Short 4/11
(p =0.153) (67-95) (p=0.767)
(p = 0.255)
Kleweno C USA, Retrospective Gamma 2,3, TFNA/ 340 219 416 (A1+A2) 12-85 426 84 (65-102) 155/404 Some
etal.'® 2014 cohort (III) Gamma 3, TFNA /143 (75%) concerns
Li Z et al.'” China, Retrospective PFNA/PFNA 59 97 45/71/40 >12 29 Long 74.8 Long 20/39 Serious
2015 cohort (III) (p =0.210) (18.6%) (+8.15) risk
Short 76.8 Short 46/51
(£6.5) (p = 0.116)
(p=01
Guo Xetal.'>  China, Retrospective Gamma 3/Gamma 3 180 76 102 Long 26/50/0 12-24 N/A Long 78.9 Long 43/33 Serious
2015 cohort (III) mm (+8.8) risk
Short 47/55/0 Short 82.7 Short 42/60
(p =0.037) (£9.9) (p=0.322)
(p = 0.003)
Raval Petal.'® UK, Retrospective PFNA/PFNA 240 mm 40 40 Long9/24/7 12 N/A Long 76.1 Long 13/27 No info
2016 cohort (III) (+8.7)
Short 12/24/4 Short 77.1 Short 11/29
(p = 0.536) (£9.2) (p = 0.625)
(p = 0.806)
Frisch N et al.'” USA, Retrospective InterTAN/InterTAN 97 72 0/169 (A2+A3) >8 N/A Long 76.3 Long 30/67 No info
2017 cohort (III) (£15.2)
Short 76.2 Short 18/54
(+12.3) (p = 0.501)
(p =0.621)
Galanopoulos I ~ Greece, Randomized VeroNail TN/Affixus 25 25 AllA2/3 24 N/A 80 (74-93) 17/33 Some
etal.'® 2018 Prospective (II) concerns
Liu J et al."? USA, Retrospective InterTAN, Natural, TFNA, 565 334 A1/A2/A3 3 N/A Long 78.1 Long 106/  Serious
2018 cohort (I1I) T2 recon/InterTAN, 228 risk
Natural, TFNA, T2 recon Short 80.1 Short 210/
(p=0.0379) 355
(p = 0.1064
Shannon S USA, RCT () TFNA, Gamma 3, Affixus/ 88 80 Long 12/67/9 13.9 N/A Long 79 Long 25/63 Some
et al.”’ 2019 TFNA, Gamma 3, Affixus (76-82) concerns
Short 13/61/6 Short 82 Short 20/60
(p =0.23) (79-84) (p=0.72)
(p=0.11)

4.1. Patients and fracture classification

All studies eligible for inclusion had broadly similar demographics in
terms of age and sex. American Society of Anesthesiologists (ASA) score
was only reported in two studies (Table 1). Many studies were excluded
from our results due to inclusion of younger adults; of those included,
Shannon et al. described an inclusion criterion of age >18 years but did
not recruit anybody below 60 years of age.

Fracture pattern was heterogeneous, with only one study by Ocku
et al. focusing solely on the 31A3 subgroup. Guo et al. included no pa-
tients with A3 fractures whereas Frisch et al. and Galanopoulos et al.
included no A1 fractures. All the other studies reported outcomes on all
three subtypes.

4.2. Surgical factors

All studies reported significantly longer duration of surgery for long
nails over short ones. Li, Guo, Raval, Frisch, Liu and Shannon reported
higher estimated blood loss in long nail cases than in short nails, with
only Li’s report not finding this difference statistically significant. Guo,
Raval and Liu reported higher transfusion rates in long nail cases, but
this was only statistically significant in Guo’s dataset.(Table 2).

4.3. Complications, length of stay and mortality

Data on re-operation were reported in six studies, with low numbers

in both groups in all studies. Not all the studies reported indications for
re-operation but where data were available, there was no significant
difference in rates of infection, peri-prosthetic fracture, avascular ne-
crosis or cut-out.

Of the four studies reporting length of stay, none showed a statisti-
cally significant difference between long and short nails (Table 3).

Only four studies reported mortality, and one of these did not report
by long versus short group. The results were heterogeneous.

4.4. Functional outcome

Three studies reported a Harris Hip Score, one of which went on to
also report an SF-36 functional outcome. Only one study reported a
statistically significant difference in HHS, but appropriately observed
that whilst the difference was statistically significant, it did not cross the
threshold of minimum clinically important difference (Table 4).

5. Discussion

In this systematic review we have identified and summarized the
evidence from studies comparing short and long nails used for hip
fractures. No robust evidence exists to demonstrate superiority of one
over the other in this context.

Key to this evidence gap is the absence of a fully powered random-
ized clinical trial comparing these implants for fractures in patients over
60 years of age, and especially notable is deficit in evidence focused on
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Table 2

Surgical characteristics, by group.

Journal of Orthopaedics 22 (2020) 377-382

Study

Duration of surgery (minutes)

Estimated blood loss (ml)

Patients requiring transfusion

Length of stay (days)

Okcu G et al. 2013

Kleweno C et al. 2014

LiZ et al. 2015

Guo X et al. 2015

Raval P et al. 2016

Frisch N et al.

2017

Galanopoulos I et al. 2018

Liu J et al., 2018

Shannon S et al. 2019

Long 71.8 (57-94)
Short 52.6 (34-65)
(p < 001)

Long 70 ( £35)
Short 51 ( £22)

(p < 0.001)

Long 60.61 ( £11.43)
Short 53.08 ( £8.51)
(p < 0.05)

Long 58.5 ( £20.3)
Short 43.5 ( £12.3)
(p = 0.002)

Long 87 (55-119)
Short 58 (46-70)

(p = 0.016)

Long 82.6 ( £26.4)
Short 63.8 ( £20)

(p = 0.001)

Long 54 (35-70)
Short 41 (20-51)

(p = 0.001)

Long 157.0 ( £50.5
Short 139.7 ( £35.8)
(p=<0.0001)

Long 80

Short 51 (p=<0.0001)

/17

/17

Long 77.97 ( £31.88)
Short 69.95 ( £21.55)
(p = 0.063)

Long 90.7 ( £50.6)
Short 127.8 ( £85.9)
(p = 0.004)

Long 341.7 ( £191.8)
Short 172 ( £156.9)
(p = 0.042)

Long 208.1 ( +116.9)
Short 161.4 ( £122.4)
(p = 0.002)

17/

Long 226.2 ( £211.8)
Short 185.5 ( +168.3)
(p = 0.0017)

Long 207

Short 70 (p=<0.001)

/17

/17

17/

Long 56.7%

Short 42.3% (p = 0.041)

Long 8/40
Short 4/40 (p = 0.210)

17/

17/

Long 330/565 (58.4%)
Short 179/334 (53.6%)
(p = 0.16) @30 days
///

50

Long 4.9°
Short 5.4° !
(p=0.51)
11/

s

Long 12.7 ( +£6.7)
Short 12.9 ( +6.5)
(p = 0.42)

Long 10.9 ( +4.8)
Short 11.1 ( +6.2)
(p = 0.937)

/17

/17

Long 6.8

Short 7.2 (p = 0.338)

vz

the 31A3 fracture, the only one where there is clear guidance to use
these implants. Okcu et al. performed a pilot study closest to this, but
confined inclusion to reverse oblique patterns rather than including the
transverse fractures which also form part of that group. The very low
numbers per arm cannot permit much inference from the study, and the
choice of Harris Hip Score as the functional outcome measure makes
generalizability to the frail, elderly trauma population low. All the other
studies either reported non-randomized cohorts or included a broader
spectrum of fracture patterns than, under current standards of care,
should be managed by SHS.

There exists a preponderance of evidence focusing on what is easily
measured, such as failure and revision rates rather than what are
increasingly evidently important parameters in hip fracture care such as
patient- or carer-reported quality of life. Shannon et al. used the SF-36
instrument, with a power calculation predicated on the minimum clin-
ically important difference for total knee replacement and tibial plateau
fracture fixation.?'2* This study also excluded patients with dementia
on the basis of inability to complete the PROM, thereby substantially
reducing the generalizability of the findings to a population with a high
burden of cognitive impairment. It has been demonstrated that the
EuroQol 5-dimension instrument (EQ-5D) can be effectively completed
by carers or relatives with a high degree of reliability and, given that its
effect size in hip fracture is relatively well-understood and it already
forms part of the core outcome set in the United Kingdom for hip frac-
ture research, it would represent a much more appropriate choice of
PROM.**?>

Most of the studies included in this review focused on surgical failure
or patient death, but given both events are relatively rare, thousands of
patients are needed in each arm to power a study capable of detecting a
difference in these outcomes and hence minimal weight ought to be
attached to the rates reported here. There is variable data on re-
operation, with some studies not reporting it by group and minimal
data on causes. We sought also to note rates of infection where possible,
as this may be contributory in just the same way as mechanical factors.

The data on blood loss must be considered in the context of its
estimated nature, especially when the surgical procedure is usually
performed through a number of small incisions and most blood is lost
into either the femur or the soft tissues surrounding it. That
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notwithstanding, there is a consistent picture of lower blood loss in short
nails across all the studies reporting it, although this is not fully reflected
in transfusion requirements. Given international variation in practice
and availability of transfusion products, however, this may reflect
clinical willingness to tolerate a significant blood loss rather than it
being inconsequential.

The duration of surgery has also been shown to be shorter for short
nails across all reported studies here. This is entirely logical given the
reduced number and complexity of surgical steps and, in the absence of
compelling evidence of superior functional outcomes from a longer
device, and a strong body of evidence that prolonged surgery causes
problems in this patient group, it may be that the time factor should be
given more weight when we make our operative decisions. Equally, the
quality of the data remains under question when reported from a
number of studies which did not clearly define their surgical time in
terms of start and finish in relation to surgical steps.

The risk of bias assessments reflect the wider methodological picture
that many of the incorporated studies are retrospective in nature and
often do not define outcomes or end-points. There is, therefore, often not
enough information to judge a risk of bias but a key theme in all the non-
randomized studies is the risk that implant was selected by some factor
relating to fracture pattern or patient fitness for surgery, thereby
introducing large selection bias. The retrospective nature of the
reporting and the absence of an a priori plan also renders it nearly
impossible to ascertain if reporting is selective as there is no means of
knowing what data was available to researchers.

The strength of this review is that it provides evidence relevant to our
practice as UK orthopaedic trauma surgeons by focusing on the older
patient with an extracapsular fragility fracture of the hip, and highlights
specifically where evidence can guide us in our implementation of NICE
standards. The studies included in the review are all relatively recently
published and a large proportion of them since the last systematic re-
view was published in this area. This is also the first systematic review to
be conducted with PROSPERO registration. Its key weakness is that it
primarily reports a fairly limited and heterogeneous selection of lower-
grade evidence and so must be interpreted in that context. As with all
reviews, bibliographic error and exclusion through publication in
another language remains a risk.
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Table 3

Post-operative surgical problems, by group.
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Study Re-operation Mortality Delayed union/non-union/ Infection Peri-prosthetic Failure/cut-out
avascular necrosis fracture
Okcu G et al. Long 2/18 Long 18.1% Vza Long 1/18 /77 Long 1/18
2013 Short 0/15 (p = Short 16.6% Short 1/15 Short 0/15
0.41) @1 year (p =
0.9)
Kleweno C et al. Long 12/340 25% /17 /17 Long 5/340 (1.5%) Long 11/340 (3%)
(3.5%)
2014 Short 7/219 (3.2%) Overall @1 yr Short 6/219 (2.7%) Short 5/219 (2%)
LiZ et al. Long 0/59 /77 Yz /17 Incl. in reop but not Incl. in reop not
2015 Short 3/97 subclassified subclassified
(p=<0.05)
Guo X et al. No absolute number ~ 21/178 (11.8%) Long 0/76 Long 1/76 Long 1/76 Long 0/76
2015 given Short 1/102 Non-union Short 1/102 Short 1/102 (p=>0.05) Short 1/102
(p=>0.05) (p=>0.05) (p=>0.05)
Raval P et al. Long 2/40 Long 5/40 /// Long O Long 2/40 Long 0/40
(12.5%)
2016 Short 1/40 (p = Short 3/40 Short 0 Short 0/40 Short 1/40
0.556) (7.5%)
(p = 0.456)
Frisch N et al. /17 /17 /17 Long 3/97 Long 0/97 Long 6/97
2017 Short 1/72 (p = Short 6/72 (p = 0.013) Short 1/72 (p =
0.637) 0.134)
Galanopoulos I et al. /// /17 Long 0/25 /17 Long 0/25 Long 1/25
2018 Short 0/25 Short 1/25 Short 0/25
Liu J et al. 15 pts (90 days) Long 30/565 /// Long 6/565 Long 3/565 Long 4/565
(5.3%)
2018 Short 23/334 Short 1/334 Short 2/334 (p = Short 0/334
(6.9%) (p=>0.05) 0.7038)
(30 days, p =
0.3322)
Shannon S et al. Long 8/88 /17 Long 1/88 Delayed union Long 2/88 Long 2/88 Long 2/88
2019 Short 5/80 (p = Short 0/80 Short 1/80 Short 2/80 (p = 1.0) Short 3/80 (p = 0.67)
0.72)

Table 4
Patient-reported outcome measures, by group.
Study Harris Hip Score Other
Okcu G et al. Long 79 (59-92) Parker Palmer Mobility Score
Long 5.5+ 1.7
Short 74 (61-88) Short 5.2+ 1.9 (p = 0.53)
(p0.11)
LiZ et al. Long 79.98 ( £8.90)
Short 76.16 ( £10.84)
(p = 0.280)
Galanopoulos I Time for WB with single crutch
et al. Long 7.31 weeks (6-9 wks)
Short 7.85 weeks (6-9 wks)
Trendelenburg gait
@3 month - Long 7/25/Short 8/25
@12 month - Long 3/25/Short 3/25
Leg length discrepancy <1 cm
Long 2/25
Short 3/25
Shannon S et al. Long 71 SF-36 all domains similar for both Short Nail and Long Nail cohorts (No statistically significant
Short 76 difference)
(p = 0.02) but not considered clinically important
difference

It bears re-iteration that this report addresses these fractures in older
patients and, in younger patients with better bone quality, there may
well be justification for a longer device to reflect the biomechanical
environment, functional demand and risk: benefit ratio. Such a question
would certainly be well worth addressing with an appropriate clinical
trial — while these injuries are infinitely rarer in younger patients, the
personal and societal cost of their mismanagement may well be heavy.
Similarly, we stress the difference between an unstable extracapsular hip
fracture and a subtrochanteric fracture and do not suggest this evidence
base is generalizable to that injury.
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In the older patient with an extracapsular hip fracture, however,
there remains no evidence of the superiority of long intramedullary
devices over shorter ones and, further, several surgical factors may well
contribute to some of the adverse outcomes recently reported when
using intramedullary devices in these situations. Given the common-
place use of long devices, we advocate that this evidence gap is urgently
addressed to maximise the patient safety and functional gains being
achieved under the best practice tariff.
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