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Abstract
Purpose There remains little consensus regarding the optimal
management of distal radius fractures. Fixed angle volar de-
vices have gained recent popularity, but have also been asso-
ciated with soft tissue complications. Intramedullary (IM) de-
vices offer fixed angle stabilisation with minimally invasive
surgical technique and low, IM profile. No formal review of
outcomes could be identified.
Methods We conducted a systematic review of clinical studies
regarding the use of fixed angle IM devices in acute extra-
articular or simple intra-articular distal radius fractures.
Preferred Reporting Items for Systematic Reviews (PRISMA)
guidance was followed. Numerical data regarding functional
scores, ranges of movement, radiological outcomes and com-
plications were pooled to produce aggregate means and stan-
dard deviation.
Results A total of 310 titles and abstracts were identified.
Fourteen papers remained for analysis. Total patient number
was 357, mean age 63.72 years and mean follow-up
12.77 months. Mean functional scores were all rated as ‘ex-
cellent’. Aggregate means: flexion 53.62°, extension 56.38°,
pronation 69.10°, supination 70.29°, ulnar deviation 28.35°,
radial deviation 18.12°, radial height 8.98 mm, radial inclina-
tion 16.51°, volar tilt 5.35°, ulnar variance 0.66 mm and grip
strength 90.37 %. Overall complication rate was 19.6 %.
Tendon rupture was unreported. Tendon irritation was
0.88 %. Radial nerve paraesthesia was 11.44 %.

Conclusions Fixed angle IM devices facilitate excellent func-
tional outcomes, with radiological and clinical parameters at
least equivalent to volar plate devices. Low rates of tendon
irritation and absence of tendon rupture are advantageous.
Significant limitations include a lack of application for com-
plex articular injuries and the propensity to cause a transient
neuritis of the superficial branch of the radial nerve.
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Introduction

Distal radius fractures are the most common of all fractures [1]
and account for around 2.5 % of all emergency department
visits [2]. The number of distal radius fractures are expected to
rise due to the aging population [3].

Treatment remains controversial; a recent Cochrane review
offers little consensus with regard to how best to manage these
injuries [4]. Historically, they were generally treated non-
operatively in a plaster cast. However, some studies have dem-
onstrated a correlation between restoration of normal anatomy
and improvement in function [5–7]

Locking plate devices facilitate a stable anatomical reduc-
tion, as well as early mobilisation, and the volar locking plate
has become increasingly popular over the last decade [8]. A
recent epidemiological study from Sweden found a threefold
increase in the use of volar plates over the last five years [9].
Despite this recent surge in use, other studies have found
clinical outcomes following volar plating for distal radius frac-
tures in elderly patients are no better than the results of plaster
cast treatment [10].

Bentohami et al. [10] conducted a recent systematic review
of complications following volar locking plate fixation for

* John Hardman
john.hardman4@nhs.net

1 Department of Trauma and Orthopaedics, Imperial College NHS
Trust, Praed St, Paddington, London W2 1NY, UK

2 Kings College Hospital, Denmark Hill, London SE5 9RS, UK

International Orthopaedics (SICOT) (2015) 39:2381–2387
DOI 10.1007/s00264-015-2763-1



distal radius fractures and reported an overall complication
rate of 16 % including tendon rupture and irritation, carpal
tunnel syndrome (CTS) and neuritis. Furthermore, between
15 and 34% of patients required their hardware to be removed
within a year [11, 12].

Whilst their application in the management of complex
fractures is likely to contribute to the above figures, the
review nonetheless illustrates that volar locking plates are
not without issue. This has prompted others to seek alter-
native methods for fixation, and in 2005 Tan et al. [13]
introduced the first fixed angle intramedullary (IM) device,
the Micronail® (Wright Medical Technology, Inc.,
Memphis, TN, USA). This provides an alternative treat-
ment modality for unstable extra-articular, or simple
intra-articular fracture, with proposed advantages includ-
ing minimal soft tissue disruption and periosteal stripping,
and a low IM profile.

Two similar systems have subsequently been released,
the Sonoma WRx® (Sonoma Orthopedic Products, Inc.,
Buffalo Grove, IL, USA) and the Targon® DR (B. Braun,
Melsungen, Germany). All three devices are inserted via
the radial styloid and facilitate fixed angle stabilisation via
distal locking screws. Both the Micronail® and Targon®
DR derive axial and rotational stability via proximal
screws inserted using a jig. The WRx® utilises an
expanding mechanism on the proximal end, which anchors
the device in the medullary canal.

Several studies have reported promising results with these
devices, but to date no formal review of outcomes has been
published and they have not yet reached the same level of
popularity as volar locking plates. We therefore performed a
systematic review to evaluate the clinical, functional and ra-
diological outcomes for primary fixation of unstable extra-
articular or simple intra-articular distal radius fractures using
a fixed angle IM device.

Materials and methods

We performed a systematic review of clinical studies
(Level of evidence II–IV) related to the use of fixed angle
IM devices for extra-articular or simple intra-articular dis-
tal radius fracture using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.

Search Publically available data were searched using the
Healthcare Databases Advanced Search (HDAS) tool to iden-
tify studies from both the MEDLINE (PubMed) and Excerpta
Medica (EMBASE) databases on 15 December 2014.
Keywords were identified via discussion between the first
and third authors (Appendix 1). The following search terms
were then derived using standard Boolean logic:

(Bdistal radi*^ OR Bradi* fracture OR colles OR smiths)
AND (intramedullary OR IM OR nail OR micronail OR
Btargon dr^ OR Bsonoma wrx^). Additionally, the reference
lists of the full papers identified for analysis were searched
for any further relevant articles. Only studies in English were
included.

Inclusion criteria Skeletally mature adults (>18 years) with
acute extra-articular or simple intra-articular distal radius frac-
tures were eligible. Simple intra-articular fracture included
AO types A2, B1, B2, B3, C1 and C2, as per manufacturers’
recommendations for IM fixation.

Exclusion criteria Polytrauma, skeletally immature patients,
revision procedures or complex intra-articular fractures (AO
C3) were excluded. Biomechanical studies, systematic re-
views/meta-analyses, novel techniques, perception-based
studies and single case reports were not included. Data given
without ranges or standard deviation (SD) were not included
for analysis.

Evaluated outcomes Functional scores [e.g. Disabilities of
the Arm, Shoulder and Hand (DASH) score, Mayo wrist score
and Gartland andWerley score], ranges of movement (ROM),
grip strength (units of force, or as a percentage of the uninjured
hand), radiological outcomes (e.g. radial height, radial incli-
nation, volar tilt and ulnar variance) and reported complica-
tions were evaluated.

Study selection Duplicate results were removed by the
HDAS search tool, and the remaining titles and abstracts were
screened by the first and third authors for eligibility. In the
event of any discrepancy, the senior author would have the
final decision as to whether the study was included for analy-
sis. Eligible full-text articles were assessed against the above
inclusion and exclusion criteria.

Numerical data were pooled to produce aggregate means
and SD. Where SD was not stated in the original text, it was
calculated using raw data where available. Failing this, an
estimated SD was calculated from the sample mean and data
ranges, using the statistical methods described elsewhere by
Hozo et al. [14].

Results

A total of 310 titles and abstracts were identified from the
primary search, as well as a further two from reference lists; 91
duplicates were removed, and 201 titles and abstracts deemed
inappropriate. Of the remaining 20, four were in non-English
languages, one detailed use in comminuted fracture and one
reported on outcomes following malunion. Fourteen papers
remained for analysis [13, 15–27]. See Fig. 1 for PRISMA
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flow diagram. Study type, characteristics, post-operative pro-
tocol and categories of outcomes reported are summarised in
Table 1 (Fig. 2).

Total patient number across all studies was 357, with a
mean age of 63.72 (SD 11.28) years and mean time to
follow-up 12.77 months (range three to 24). Pooled numerical
data regarding functional scores, ROM, radiological parame-
ters and grip strength are summarised in Table 2.

Clinical outcomes

Numerical DASH scores were reported in seven studies,
Mayo scores in four and Gartland and Werley in three.
Dremsurp et al. [15] reported the Gartland and Werley scores
as the ascribed level of patient satisfaction, with 30 patients
scoring excellent, 11 good, two fair and one poor. Similarly,
Tajima et al. [23] reported on Mayo scores as 12 patients rating
excellent, three fair and one good. Neither of these was included
in the pooled data.

Results for flexion and extension were analysed from
nine studies, pronation and supination from eight and ul-
nar and radial deviation from seven. Both Gradl et al., and
Tan et al. reported antagonistic movements as a single
movement arc. Respective values were: flexion/extension
113° (±22) and 125° (±19), ulnar/radial deviation 53°
(±14) and 51° (±9) and pronation/supination 174° (±10)
and 165° (±16). These values were not included in the
pooled data.

Grip strength was reported as a percentage of the unaffect-
ed side in five papers. Both Tajima et al. [23], and Ilyas and
Thoder [18] reported mean results of 84 and 91 %, respective-
ly, but neither included a range or SD. These figures were not
included in the pooled data. Three papers reported grip
strength as an absolute figure in kilograms. All were included
for analysis.

Fig. 1 Distal radius fracture prior to management with an intramedullary
device
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Radiological outcomes

Data regarding radial height, radial inclination, volar tilt and
ulnar variance were reported in ten, 12, 12 and six studies, re-
spectively. All were included in the pooled data.

Complications

Complications were documented in 13 papers, with an aggre-
gate patient number of 341. Tajima et al. [23] do not comment
on their complications and so were excluded from the pooled
data. Total figures are summarised in Table 3.

Radial nerve paraesthesia was the most common compli-
cation, occurring in a total of 39 patients (11 %). All cases

were transient and had resolved at final follow-up without
further intervention. Of the five patients going on to require
further surgery: one was for loss of reduction, one for loosen-
ing of implant, one required carpal tunnel release, one poorly
placed distal screw warranted re-positioning and one implant
was removed at the patient’s request. Of the three cases where
infection was reported, all were superficial in nature and re-
solved with simple antibiotic management.

Discussion

This study provides the only comprehensive review of expect-
ed outcomes using fixed angle IM devices in the management
of distal radius fracture. Mean values for functional outcomes
were rated as ‘excellent’, independent of the scoring system
employed [28–30], and there were no reported incidents of
tendon rupture using these devices. There were, however, a
significant number of cases where transient radial nerve par-
aesthesia was reported.

Clinical outcomes The absolute values for ROM were suffi-
cient to facilitate excellent functional outcomes.

Two studies compared clinical outcomes between IM nail
and volar plate fixation. Neither treatment option was ob-
served to have a consistently significant clinical advantage.

In their randomised trial, Gradl et al. [17] identified a sig-
nificant improvement in pronation/supination using the IM
system [nail 177° vs plate 174° (p=0.05)]. However, Safi
et al. [21] did not demonstrate a statistically significant advan-
tage here [supination: nail 83° vs plate 79° (p=0.06), prona-
tion: nail 82° vs plate 77° (p=0.08)]. Neither study identified
significant differences in flexion, extension or radial and ulnar
deviation.

Similarly, no significant difference in grip strength was
observed by Gradl et al. [17] [nail 93 %, volar plate 89 %
(p=0.42)]. Safi et al. [21] do not comment on this parameter.

Radiological outcomes The radiological outcomes reported
here show that radial height was the parameter restored closest
to the normal anatomical value (mean 8.98mm, normal values
11–12 mm [31]). Loss of radial height has been associated
with pain [32] and diminished grip strength [33], and restora-
tion of this parameter has been considered the most significant
for achieving a good functional outcome [5].

Three randomised studies with a total patient number
of 128 compared radiological parameters between volar
plate and IM nail devices [17, 21, 27]. All commented
on volar tilt and radial inclination. Zehir et al. and Safi
et al. also commented on radial height, and both Gradl
et al. and Safi et al. commented on ulnar variance. No
study identified any statistically significant advantage

Fig. 2 Distal radius fracture managed with an intramedullary device

Table 2 Summary of pooled data for functional, clinical and
radiological outcomes

Aggregate
mean

SD No. of
studies

No. of
patients

DASH 6.33 (8.45) 7 169

Mayo 93.17 (7.66) 3 72

Gartland & Werley 2.32 (1.37) 2 97

Flexion (°) 53.62 (9.21) 9 173

Extension (°) 56.38 (7.85) 9 173

Pronation (°) 69.10 (6.60) 8 151

Supination (°) 70.29 (5.04) 8 151

Ulnar deviation (°) 28.35 (5.93) 7 135

Radial deviation (°) 18.12 (4.80) 7 135

Radial height (mm) 8.98 (2.10) 10 241

Radial inclination (°) 16.51 (3.39) 12 308

Volar tilt (°) 5.35 (6.48) 12 329

Ulnar variance (mm) 0.66 (1.52) 6 189

Grip strength (% unaffected) 90.37 (13.94) 3 118

Grip strength (kg) 16.99 (8.87) 3 66
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with either device across any of the radiological parame-
ters reported.

Complications One of the key intended advantages of the IM
devices is to minimise soft tissue complications associated
with more invasive surgical fixation, and the above results
are promising in this regard. There were no reported cases of
tendon rupture, and tendon irritation occurred at a low rate
(0.88 %). It is however worth noting that whilst standard open
techniques may involve more extensive soft tissue dissection
than is involved with IM devices, some authors have more
recently reported success using minimally invasive techniques
in volar plate application [34, 35].

As one might expect, given its proximity to the insertion
site, disruption of the superficial branch of the radial nerve
was not uncommon, occurring at a rate of over 11 %, and
accounting for 58 % of all complications reported. These
were, however, all transient lesions and resolved without the
need for further intervention.

Orientation of the subchondral screws creates potential for
penetration into the distal radio-ulnar joint when
malpositioned. The three instances of intra-articular screw
placement observed here all came from a single centre and
were noted to have arisen from early experiences with the
IM system [18]. This suggests a degree of user dependence
which may be improved with experience.

Of the three randomised trials comparing plate and nail
techniques, none were able to establish a statistically sig-
nificant difference in overall complication rate [17, 21,
27]. Zehir et al. [27] identified one incidence of tendon
irritation, and both Gradl et al. [17] and Safi et al. [21]

each reported one incidence of tendon rupture. All three
patients were from the volar plate groups of their respec-
tive study. No tendon-related complications occurred in
the IM nail groups of these studies.

A recent review of published data regarding complications
of volar plate fixation between 2000 and 2013 [10] demon-
strated comparable rates of superficial infection (0.5 %), loss
of reduction (1 %), chronic regional pain syndrome (1.6 %)
and CTS (2.8 %) to those seen here. The rate of neuritis was
appreciably lower (1.9 %); however, this comparison does not
reflect the duration or severity of the deficit. The incidence of
tendon rupture (1.7 %) and tendon irritation (3.8 %) after
locked volar plating are both higher than observed in this
review for IM devices.

It is difficult to make a meaningful statistical compar-
ison here due to the heterogeneity of the patient groups
and fracture types. However, the less frequent occurrence
of tendon rupture, higher observed rates of tendon irrita-
tion and lower rates of neuritis seen after IM fixation are
of interest. It is also worth noting that a recent review of
patients undergoing volar plate fixation has failed to es-
tablish a link between complication rate and severity of
fracture, age or sex [36].

Another proposed advantage of the IM devices is the
low rate of device removal. Only one case of device re-
moval was reported here, and this was at the patient’s
request. Rates of 15–34 % have been reported for volar
plates [11, 12].

A major disadvantage with these systems is that the
minimally invasive operative technique does not facilitate
direct fracture reduction, and the devices are not indicated

Table 3 Tabulated complications

Author Infection Radial nerve
paraesthesia

CTS Loss
reduction

Secondary
dislocation/
loosening

Tendon
rupture

Tenosynovitis Intra-articular
screw

Complex
reg. pain

Re-operation

Dremstrup et al. [15] 0 13 0 2 0 0 0 0 0 3

Geerts et al. [16] 0 0 1 0 1 0 0 0 0 1

Gradl et al. [17] 1 8 1 0 1 0 0 0 1 1

Nishiwaki et al. [19] 0 1 0 2 0 0 0 0 0 0

Safi et al. [21] 0 1 0 0 0 0 0 0 0 0

van Vugt et al. [26] 0 0 1 0 1 0 0 0 0 0

Tan et al. [25] 0 3 0 0 0 0 0 0 1 0

Ilyas and Thoder [18] 0 2 0 0 0 0 0 3 0 0

Takada et al. [24] 0 0 0 0 0 0 0 0 0 0

Zehir et al. [27] 2 3 0 0 0 0 3 0 0 0

Rhee and Shin [20] 0 4 0 0 0 0 0 0 0 0

Chen et al. [13] 0 4 0 0 0 0 0 0 0 0

Schønnemann et al. [22] 0 3 1 0 0 0 0 0 1 0

Total 3 39 4 4 3 0 3 3 3 5

Frequency (%) 0.88 11.44 1.17 1.17 0.88 0.00 0.88 0.88 0.88 1.47
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for comminuted (AO C3 type) fracture. This is a signifi-
cant limitation, and volar plate devices have a clear ad-
vantage in this regard.

Whilst promising, the results of this review are limited by
the paucity of existing data. Four Level II studies were iden-
tified, but did not consistently comment on all outcomes to
facilitate meaningful analysis.

Classification of fracture pattern is also a limiting fac-
tor. Severity of injury has been shown to relate to func-
tional outcome [37]. However, the studies identified here
did not consistently state the number of patients with each
fracture type, so the exact composition of the cohort is not
definitely known.

It is also worth noting that neither IM nor volar locking
systems are inexpensive solutions to the management of
distal radius fractures and that good outcomes can be
achieved in simple fractures with use of standard AO
plates [38].

Conclusion

Existing data demonstrate that the use of fixed angle IM de-
vices in extra-articular, or simple intra-articular fractures,
gives excellent functional outcomes and provides radiological
and clinical parameters at least equivalent to those observed
using volar plate devices. Tendon rupture remains unreported
and rates of tendon irritation low. These devices may have an
advantage over more invasive fixed angle implants in this
regard. The main drawbacks of the IM systems are the lack
of utility to aid fracture reduction, limited application for com-
plex articular injuries and the propensity to cause neuritis of
the superficial branch of the radial nerve. However, these
nerve injuries are reported here only as a transient, self-
limiting issue.
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