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Abstract
Background The dynamic hip screw (DHS) is a common device used in the fixation of hip fractures. Traditionally, this involves
the use of a four-hole side plate. Reducing the length of the side plate would theoretically reduce the amount of surgical exposure
required, decrease surgery duration, and decrease perioperative morbidity and mortality. Our study aims to review the current
evidence regarding the use of two-hole side plates, their use and potential complications.
Methods Using PRISMA guidelines, two independent reviewers performed a search to collate the available literature from
medical databases PubMed, EMBASE, Web of Science, and the Cochrane library. Only clinical and biochemical studies were
included. The reference lists of articles included for full text review were searched for any additional primary or review
publications.
Results Four online libraries were searched, with a combined total of 5344 titles reviewed. Following title, abstract, and full text
review, 8 articles were considered suitable for inclusion in qualitative analysis. There was a trend towards equal efficiency
between two- and four-hole plates when used in stable fractures in terms of blood loss, failure/revision rates, operative and
hospital stay durations, collapse loading testing, maximum stress, and fragment migration.
Conclusion The results of this study show that DHS constructs with two- or four-hole side plates have comparable outcomes
when used in patients with stable fracture patterns. However, the majority of the clinical data regarding the use of two-hole DHS
plates come from retrospective case series; further prospective, randomised control trials would be of significant benefit.
Level of evidence Level II; systematic review of all levels of evidence
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Introduction

The incidence of hip fractures is steadily increasing in the
global population, particularly in the osteoporotic patient,
with multiple significant co-morbidities [1, 2]. The litera-
ture describes numerous anatomical variations of hip frac-
tures, for which various fixation methods are widely prac-
ticed [2]. Orthopaedic surgeons routinely use varieties of
dynamic hip screws (DHS) in the acute management of
intertrochanteric or non-displaced intra-capsular femur
fractures; these fracture types are reported to account for

approximately 50% of all hip fractures [3]. The routine
use of DHS as routine in managing such fractures results
in a considerable reduction in 1-year postoperative mor-
tality, with the literature reporting reductions to approxi-
mately 12% when DHS is utilised compared with nonop-
erative management [4, 5]. In 2017, the Irish Hip Fracture
Database (IHFD) reported that over 700 patients who
underwent internal fixation were treated with DHS as a
means of definitive surgical management, including 45%
of patients with intertrochanteric hip fractures and 21% of
all patients with hip fractures overall [6].

Numerous classification systems are reported in the
orthopaedic literature in describing intertrochanteric fe-
mur fractures. The Evans classification, subsequently
modified by Jensen et al., was used historically to classify
intertrochanteric hip fractures as it was believed to dem-
onstrate the most reliable prediction of the reduction in-
stability and risk of secondary fracture dislocation [7]. In
recent times, the AO classification is the most commonly
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utilised fracture classification system as it is believed to
be a superior guide for orthopaedic surgeons in terms of
preoperative planning in offering orthopaedic surgeons
guidance as to which fixation method to deploy [8].
Optimal fracture site classification is of paramount impor-
tance to orthopaedic surgeons, as debate centres on the
use o f in t r amedu l l a ry na i l i ng ve r su s DHS in
intertrochanteric fractures; appropriate fracture site classi-
fication often tips the balance in terms of the fixation
method used [9].

Since Clawson’s introduction of the DHS in 1964, it
has become widely used in the management of
intertrochanteric hip fractures [10]. With DHS offering
orthopaedic surgeons satisfactory reductions with low
rates of failure over the past five decades, many varieties
of DHS plate have been developed; however, the two-hole
and four-hole DHS varieties have become popular as the
implant of choice in intertrochanteric hip fracture manage-
ment in recent years [11]. These two options are based on
a common principle that is anatomic reduction of the frac-
ture site with dynamic screw fixation of the head and neck
of femur secured by fixation of lateral femoral surface
from the greater trochanter inferiorly [12]. Theoretically,
two-hole DHS plating is expected to reduce operative
time, intraoperative blood loss as well as incision site
morbidity whilst maintaining an adequate fixation [13].
However, discrepancies in the literature often generate
debate on this topic. Biochemical studies have reported
that a minimum of three screws is required for adequate
femoral fixation with DHS in such fractures [14]. In spite
of this, other studies suggest that similar rigid fixation can
be achieved when using a three-hole DHS plate when
compared with a four-hole plate [15]. The purpose of this
study was to review the current available evidence related
to the use of two-hole side plates, their use as well as their
potential complications.

Methods

Search strategy

Two independent reviewers performed a systematic review of
MEDLINE, the Cochrane Library, and EMBASE databases as
outlined by the Preferred Reporting for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. The following
keywords were utilised for the search: (“hip fractures” OR
“hip fracture” [Title/Abstract]) OR (“intertrochanteric frac-
ture” [Title/Abstract]) AND (“bone screws” OR “bone
screw”[Title/Abstract]) OR (“2 hole”[Title/Abstract] OR “2-
hole”[Title/Abstract] OR “two hole”[Title/Abstract] OR “two-
hole”[Title/Abstract] OR “4 hole” [Title/Abstract] OR “4-
hole” [Title/Abstract] OR “four hole” [Title/Abstract] OR

four-hole [Title/Abstract]) OR (“dynamic hip screw” OR
“dhs” [Title/Abstract]).

Both independent reviewers screened all titles and abstracts
of each of the returned studies. The findings of both reviewers
were compared with any discrepancies then being reviewed
and clarified by the senior author. The full texts of all poten-
tially relevant studies were subsequently reviewed with refer-
ence lists being reviewed for further study screening.

Inclusion and exclusion criteria

Our inclusion criteria included studies matching the follow-
ing: (1) any study (including retrospective, biomechanical,
and cadaveric studies) comparing outcomes of two-hole and
four-hole DHS, (2) studies written in fluent English, (3) papers
published in a peer-reviewed journal, and (4) full text must
have been available. Our exclusion criteria included studies
matching the following: (1) papers not published in English,
(2) papers without peer-review, (3) papers not published in the
past 20 years.

Outcomes of interest

Outcomes of interest for clinical studies included in this study
included the following: (1) blood loss, (2) failure/revision
rates, and (3) operative and hospital stay durations.
Outcomes of interest for cadaveric and biomechanical studies
included in this study included the following: (1) collapse
loading testing, (2) maximum stress, and (3) fragment
migration.

Statistical analysis

Two independent reviewers extracted the data from each of
the included studies. Each study’s level of evidence (LOE)
was examined and evaluated based on the criteria established
by The Journal of Bone and Joint Surgery. Statistical analysis
was performed using the SPSS (IBM Corp. Released 2013.
IBM SPSS Statistics for Macintosh, Version 22.0. Armonk,
NY: IBM Corp.). These studies were not suitable for meta-
analysis. p values of < 0.05 were evaluated as statistically
significant.

Results

Literature search

The search yielded in a total of 5297 studies returned. A total
of 2191 duplicate studies were removed and the abstracts of
215 remaining articles were assessed using our inclusion and
exclusion criteria. This resulted in 8 studies published be-
tween 2000 and 2019 with 665 patients included in this
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review. The PRISMA study selection flow diagram is shown
in Fig. 1.

Study characteristics

Eight studies (five clinical and three cadaveric/biomechanical
studies) with 631 patients and 34 cadaveric femurs were in-
cluded. For all studies, the selection and reporting bias were
deemed to be low. The study characteristics are illustrated in
Table 1 [16–23].

Clinical studies

Four studies including 571 patients compared the use of
two-hole versus four-hole DHS. One study including 60
patients compared two-hole DHS with cannulated screws.

There was a minimum follow-up of 6 months in all of the
included studies.

Blood loss

Two studies reported blood loss differences between those
who underwent two-hole versus four-hole DHS. One
study reported a statistically significant difference in re-
ductions in postoperative haemoglobin levels (when com-
pared with preoperative samples) in the two-hole versus
the four-hole DHS (change of 26 g/L versus 31.3 g/L
respectively; p < 0.004) [16]. In the same study, those
who underwent two-hole DHS had non-significantly low-
er rates of perioperative blood transfusions (43% in the
two-hole DHS group, versus 60% in the four-hole DHS
group, respectively) [16]. The other study reported a mean

Fig. 1 PRISMA
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estimated blood loss of 41.9 mL in 13 patients who
underwent two-hole DHS, with no comparison made to
four-hole DHS [17].

Failure/revision rates

Three studies reported findings relating to the differences
in failure rates between two-hole and four-hole DHS in
470 patients. One of the included studies reported statis-
tically significantly higher failure rates in using two-hole
DHS when compared with four-hole DHS when managing
unstable intertrochanteric hip fractures in 208 patients
(24.4% versus 4.9% respectively; p = 0.048) [16].
However, the same study reported no significant differ-
ence in the failure rates between two-hole and four-hole
DHS when managing stable fractures in 119 patients
(6.3% versus 10.8%: p = 0.68). Similarly, the other two
included studies reported failure rates of 3.6% and 3.1%
in the management of 143 patients managed with two-
hole DHS [18, 19].

Operative and hospital stay durations

One of the included studies reported a non-statistically signif-
icant difference in length of hospital stay between those un-
dergoing two-hole versus four-hole DHS. This study reported
that in 327 patients, the mean length of hospital stay in two-
hole DHS patients was 3 days longer than those who had
fixation with the four-hole DHS plate (16 days versus 19 days
respectively; p = 0.10) [16].

One of the included studies reported a statistically signifi-
cant difference in operative duration between those who
underwent two-hole versus four-hole DHS. This study report-
ed that in 327 patients, the mean duration in two-hole DHS
surgery was statistically significantly lower than the operative
duration of the four-hole plate (38.44 min and 51.45 min re-
spectively; p < 0.001) [16].

Cadaveric and biomechanical studies

Three studies including 34 cadaveric femurs compared the use
of two-hole DHS versus four-hole DHS.

Collapse loading test

Two of the included studies reported findings relating to the
differences in collapse loading testing between two-hole and
four-hole DHS in cadaveric femurs. One of the included stud-
ies reported a statistically significant difference between the
collapse loading testing between two-hole and four-hole DHS
(3120 N versus 4160 N respectively) [21]. The other study
reported no difference in terms of collapse loading testing
between the two groups [22].

Maximum stress

Two of the included studies reported findings relating to the
differences in maximum stress tolerated between two-hole
and four-hole DHS in cadaveric femurs. One of the included
studies reported a statistically significant difference between
the collapse loading testing between two-hole and four-hole
DHS, reporting that the two-hole DHS has the ability to tol-
erate up to four times more stress than the four-hole plate (p =
0.02) [21]. The other study reported no difference in terms of
collapse loading testing between the two groups [23].

Fragment migration

One of the included studies reported a statistically significant
difference in fragment migration during cyclical loading be-
tween two-hole and four-hole DHS. This study reported that
in cyclic testing of 8 cadaveric femurs, the two-hole DHS
exhibited statistically smaller fragment migration in both shear
and distraction when compared with the four-hole configura-
tion (p < 0.05) [23].

Table 1 Study characteristics
Author Year Study type Numbers Level of evidence

Baird et al.16 2014 Clin 327 III

Dipaola et al. 17 2004 Clin 13 IV

Laohapoon-Runsee et al. 18 2005 Clin 83 III

Watson et al. 19 2012 Clin 60 III

Verhofstad et al.20 2004 Clin 148 III

Peleg et al. 21 2006 Bio/Cad 8 IV

Rog et al. 22 2017 Bio/Cad 18 IV

McLoughlin et al. 23 2000 Bio/Cad 8 IV

Clin clinical study, Bio/Cad biomechanical and cadaveric study
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Discussion

The most important finding in our study was that current clin-
ical and biomechanical studies suggest that two-hole DHS has
comparable and even superior outcomes in the management
of intertrochanteric hip fractures in terms of duration of sur-
gery, blood loss, and biomechanical testing, when compared
with four-hole DHS. This study demonstrates that patient who
underwent four-hole DHS as opposed to two-hole DHS had
lower failure rates as well as shorter length of hospital stay.
Despite these findings, discrepancies in statistical significance
between both groups remain and therefore in preoperative
planning, each surgeon requires appropriate DHS configura-
tion selection on a fracture-by-fracture basis.

The use of DHS for fixation of intertrochanteric femoral
fractures is commonplace in modern orthopaedic surgery as
low complication rates have been seen to compliment satis-
factory fracture fixation, particularly in fractures that are
deemed “stable” [24]. Alongside this, a role has also been
described for the use of DHS in fixation of undisplaced
intra-capsular neck of femur fractures, particularly Garden I
and II type fractures [25]. Despite extensive classification of
intertrochanteric femoral fractures, debate continues to be
generated between surgeons as to what characteristics of a
fracture constitute it being classified as stable or unstable.
Many orthopaedic surgeons today commonly regard
intertrochanteric femoral fractures with three or more frag-
ments to be considered as unstable (these are classified as
“A2”), with instability increasing with the degree of appreci-
ated comminution as described by the AO classification sys-
tem. In addition to this, transverse or reverse obliquity frac-
tures of the intertrochanteric region are regarded as being the
most unstable with high levels of displacement (these are de-
noted as “A3”) [26]. The use of the AO classification has been
adopted by the majority of orthopaedic surgeons in trauma
centres; however, a question still arises regarding interobserv-
er reliability on a surgeon-to-surgeon and centre-to-centre ba-
sis [26, 27]. Studies demonstrate that interobserver reliability
in classification of the stability of intertrochanteric femoral
fractures is inconsistent with major discrepancies existing
amongst participating surgeons with not only the Evans and
Jensen classifications but also the AO classification [28, 29].
For this reason, wemust question whether discrepancies in the
use of either two-hole or four-hole DHS will continue regard-
less of modern orthopaedic evidence, as surgeon preference is
an element that no guidelines or literature can account for.

For many years now, the orthopaedic literature has con-
cluded that DHS has a clear role in the management of
intertrochanteric femoral fractures [9]. However, there are
contrasting opinions and reports published in the orthopaedic
literature relating to the optimal number of screws when using
DHS as operative management of intertrochanteric hip frac-
tures. Some specialist opinions suggest that only with four-

hole DHS alone can an orthopaedic surgeon be confident that
adequate anatomical reduction is maintained when the patient
if fully mobilised postoperatively [23]. Interestingly, a study
by Yian et al. in 1997 reported that the use of DHS in the
management of intertrochanteric hip fractures is optimal when
plates with three bone screws are utilised, as an even distribu-
tion of tensile forces results from this [14]. In light of this,
evolution of thought in recent years has led to the increasing
use of two-hole DHS being deployed for fixation of
intertrochanteric femoral fractures. Numerous studies argue
that two-hole DHS offers potentially shorter operative times
with minimally invasive wound incisions that theoretically
minimise patient morbidity postoperatively [30, 31]. On re-
view of the literature, no immediate consensus has been con-
cluded in distinguishing the benefits of two-hole versus four-
hole DHS; however, comparable results have been reported in
human, cadaveric, and biomechanical studies. However, a
poverty of prospective, multi-centre, randomised control trial
comparing outcomes of two-hole versus four-hole DHS exists
in current literature; such studies are required prior to drawing
a definitive conclusion on the matter.

Limitations

There were numerous limitations of this review, primarily re-
lated to poverty of high-level evidence on the subject at pres-
ent. However despite this, a major strength of this study in-
cluded that the selection of included studies was as per the
strict inclusion criteria. Only studies published in the English
language were included which immediately introduces a po-
tential selection bias. There were numerous discrepancies be-
tween the variables used in each of the studies included such
as the following: (1) clinical and cadaveric/biochemical stud-
ies were both included, (2) the specific outcomes of interest in
the various included studies, and (3) the duration of clinical
follow-up. Such variations limit the consistency and compa-
rability of the results obtained in this study and therefore re-
stricts our ultimate conclusions. Such discrepancies deemed
quantitative analysis to be inapplicable with no meta-analysis
being performed for this review.

Conclusion

The results of this study show that DHS constructs with two-
or four-hole side plates have comparable outcomes when used
in patients with stable fracture patterns. However, the majority
of the clinical data regarding the use of two-hole DHS plates
come from retrospective case series; further prospective,
randomised control trials would be of significant benefit.
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