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Abstract

Background Intramedullary (IM) fixation has been described
as a reliable method of treatment for certain fracture patterns
but has not been widely adopted into practice. The purpose of
this study was to evaluate the literature comparing IM fixation
to other forms of treatment for metacarpal fractures.
Methods A systematic review was performed to identify stud-
ies investigating the treatment of metacarpal fractures using IM
fixation. Inclusion and exclusion criteria were predetermined.
Two reviewers independently identified appropriate articles for
review based on the criteria. Primary outcome measures were
range of motion (ROM) (Styf et al., Rev Chir Orthop
Reparatrice Appar Mot 74(Suppl 2):268-270, 2008) and com-
plications. Secondary outcomes included loss of reduction,
grip strength, Disabilities of arm, shoulder and hand (DASH)
scores, radiographic measures and pain scores.

Results Eight studies were eligible for review. Studies were
of level II-1V evidence, and captured a total of 435 patients.
The ROM post-operatively was found to be greater in the
IM group in half of the studies. IM fixation trended toward
higher complication rates in one study, but no differences
were statistically significant. IM fixation fared similarly or
superiorly to its competitor in each of the secondary

J. P. Corkum (D<)
Dalhousie University, Halifax, NS B3H4R2, Canada
e-mail: jpc@dal.ca

P. G. Davison

Plastic Surgery Department, Dalhousie University,
C204 - 600 Main St Saint John,

Saint John, NB E2K 1J5, Canada

e-mail: peter.davison@dal.ca

D. H. Lalonde

Plastic Surgery Department, Dalhousie University,
Hilyard Place, Suite C204 600 Main St,

Saint John, NB E2K 1J5, Canada

e-mail: labtrio@nbnet.nb.ca

outcomes. A formal meta-regression analysis was not pos-
sible given the heterogeneity of studies.

Conclusions IM fixation may have a role in the treatment of
certain metacarpal fractures. No conclusive recommendations
can be made based on the available studies included in this
literature search. Further study of this technique and its appli-
cations using high level evidence is warranted.

Keywords Intramedullary fixation - Metacarpal fractures -
Systematic review

Introduction

Metacarpal fractures are among the most commonly treated
upper extremity injuries in adults, and represent about 10 %
of all fractures [4]. Metacarpal fractures are most often
caused by axial loads applied to the hand, frequently with
the wrist flexed [10]. The usual etiologies are a direct blow
during fisticuffs, or a fall [4]. Indirect torsional forces can
also result in metacarpal fracture [10]. Young men have the
highest incidence of metacarpal fractures, which has been
estimated to be greater than 250 per 100 000 for persons
between the ages of 15-24 [8].

Kuntscher et al. first described intramedullary (IM) [29]
fixation of long bones in 1939 [18, 21]. They reported that
IM fixation decreased infection rates, shortened hospital
stays, and allowed for rapid return to function. The IM
technique for metacarpal fractures was first described by
Lord [23], a military surgeon, in 1957. The interest in the
topic was borne from the desire to return injured military
personnel to full duty as soon as possible. Lord remarked
that the technique allowed for immediate return to duty,
which pleased the employer. Foucher et al. [14] built on
the technique by introducing the “bouquet” method in 1975,
which introduces three Kirschner wires (K-wire)
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longitudinally into the medullary in a divergent fashion.
Bouquet osteosynthesis gained popularity through Europe
thereafter [13]. Since Foucher’s report, there have been many
articles that have described variations of the technique, with
successful results [1, 3, 5, 6,9, 12, 17, 19, 22, 24, 29].

A number of retrospective and case series studies have
investigated the effectiveness of IM fixation for treating
metacarpal fractures, and reported favorable results [6, 13,
20, 22, 24, 29]. It has been shown to be technically straight-
forward, have relatively short operative times, and is asso-
ciated with low complication rates. The purpose of the
present systematic review is to compare the best evidence
of IM fixation of metacarpal fractures with other treatment
modalities, both surgical and non-surgical.

Methods
Search Strategy

A literature search was conducted with the help of a profes-
sional librarian. The following databases were searched:
Cochrane Library, MEDLINE, and EMBASE. The key words
used were a combination of “metacarpal”, “fracture”,
“intramedullary”, “K-wire”, “bouquet osteosynthesis”, and
“pinning”. Results were limited to English articles, published
before April 2012. An example of the search strategy is shown
in Fig. 1. Primary outcome measures were range of motion
(ROM) [34] and complication rates. Secondary outcomes
include loss of reduction, grip strength, DASH (Disability of
arm, shoulder and arm questionnaire) scores, radiographic
measures, operating room (OR) times, visual analog scale
[2] pain scores, along with any author conclusions.

Article Eligibility

All the retrieved articles’ titles were scanned by two indepen-
dent reviewers (J.C. and P.D.) and then abstracts and subse-
quently manuscripts were reviewed in detail based on
relevance. To be included for full review, the article must have
met the following criteria: treatment of metacarpal fractures
using IM fixation and a comparative study design of another
treatment modality surgical or non-surgical. Articles were

Fig. 1 PubMed search history History

Search Add to builder

#8 Add
#7 Add
#6 Add
#3 Add
#4 Add
#3 Add
#2 Add
#1 Add
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excluded for meeting any of the following criteria: study de-
signs that include case reports, abstracts, conference proceed-
ings, and letters to the editor; studies of thumb metacarpals;
animal studies; pediatric studies; gunshot wounds; locked IM
fixation (although not excluded when being compared to
unlocked IM fixation); biomechanical studies; and studies of
intra-articular fractures.

Data Extraction and Analysis

The level of agreement between authors executing the
search was evaluated statistically. To this end, a kappa score
was calculated to assess inter-rater reliability by comparing
articles included and excluded by the two authors responsi-
ble for the search (J.C. and P.D.). The following was
extracted from each article: author, year, sample size of each
group, study model, follow-up duration, study results and
authors’ recommendations. The results of the studies were
qualitatively assessed. Each article was assigned a level of
evidence based on the American Society of Plastic Surgeons
Evidence Rating Scale for Therapy [15].

Results

The literature search results are summarized in Fig. 2. The
literature search yielded 232 potential studies and after
applying the inclusion and exclusion criteria, a total of eight
articles were included in this review [11, 16, 26, 27, 30, 33,
35, 36]. A kappa score of 93 % was calculated, which
indicates a high inter-rater reliability. A single article
meeting our inclusion criteria was discovered during the
manuscript review process, and was also included in the
study [31].

A total of 502 patients received treatment for a metacar-
pal fracture, 233 of which were treated with IM fixation, and
269 were treated either conservatively or with another form
of surgical fixation. A formal meta-analysis was not
performed because of significant heterogeneity in inclusion
and exclusion criteria, as well as evaluated outcomes. An
antegrade approach was used for IM fixation in all nine
studies. The study designs, inclusion/exclusion criteria,
and outcome measures are summarized in Table 1.

Query
Select 173 document(s)
Search (((((#6) OR #5) OR #4) OR #3) OR #2) OR #1 Limits: English
Search k-wire AND metacarpal AND fracture Limits: English
Search pinning AND metacarpal AND fracture Limits: English
Search bouquet osteosynthesis AND metacarpal AND fracture Limits: English
Search intr dullary AND pal AND fracture Limits: English
Search intramedullary AND fixation AND metacarpal Limits: English
Search intramedullary AND fixation AND metacarpal
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232 citations identified
EMBASE search (n = 55)
MEDLINE search (n = 170) ( h
Cochrane Library search (n = 7)

Excluded based on title (n = 170)
Reasons:
Did not meet criteria
Duplicate

\ 4

Further review of abstracts
(n = 62) - N

Excluded based on abstract (n = 50)
Reasons:

IM Fixation not used (18)

No comparison group (24)
Biomechanical (4)
Intra-articular (2)

Gunshot (2)

v

.
Further review of full text g
Hand search of bibliographies
(n=12)
s N

Excluded based on full text
(n=4)
Reasons:

IM Fixation not used (0)
No comparison group (4)
Biomechanical (0)
Intra-articular (0)
Gunshot (0)

A\ 4

Articles included in systematic review
(h=8)
Quality analysis & Data extraction

-
N

Fig. 2 Outline of systematic literature search

Our pre-determined primary outcomes, ROM and compli-
cation rates, were studied in nine and seven of the studies,
respectively. Four (50 %) of the studies demonstrated that IM
fixation resulted in greater ROM at terminal follow-up when
compared with their counterpart groups [11, 16, 30, 35]. The
remaining articles found no statistical difference in ROM be-
tween the groups. Differences in complication rates were not
statistically significant in any of the studies, although Ozer et al.
[27] found a higher complication rate in the IM fixation group
(no p value reported), and Sletten at al. [31] found a difference
in a subanalysis of infection rates (p=0.05) (Table 2).

Our pre-selected secondary outcomes were reported with
much variability among the included studies. Two of the three
studies (67 %) that measured operation time found IM fixation
took less time [26, 27], while the third [30] showed no
difference. The four studies that used the DASH score found
no statistical differences [11, 27, 30, 31]. Schiadel-Hopfner et
al. [30] found a statistically greater improvement in the Steel

score (a grading score incorporating ROM, power, pain, and
radiography [32]) 6 months postoperatively with IM fixation
(p=0.001). All articles assessed radiographic measures as an
outcome and Schidel-Hopfner et al. found significantly less
shortening with IM fixation (p=0.029); the other eight studies
found no statistically significant differences, although Strub et
al. [33] did not run a statistical test on their radiographic data.
Eight articles assessed patient grip strength at follow-up, and
seven found no statistical differences. At the 3-month follow-
up, Fujitani et al. [16] found that the IM fixation group had
lower grip strength (p<0.05). However, there was no differ-
ence at later follow-up. Visual analog scale for pain was used
in seven studies with no difference between groups in all but
one study; Schidel-Hopfner et al. [30] found IM fixation to be
less painful (p=0.026).

Discussion

The purpose of this review was to summarize the available
literature comparing IM fixation with other metacarpal fracture
treatments. Although there was a considerable degree of vari-
ability between study models, IM fixation was concluded to be
equivalent or superior to its competitors in all included studies.
However, there was a higher rate of complications in one study
[27]. All articles included in the review used an antegrade
approach and some variation of Foucher’s technique. Wong
et al. [36] suggested that the main complications encountered
when using IM fixation, namely, K-wire migration and distal
perforation of the metacarpal head, can be avoided by using
Foucher’s bouquet technique [36]. Two studies found IM
fixation used less OR time than the control group operation
[26, 27], and one study found no difference [30].

The treatment of metacarpal fractures has been extensive-
ly discussed and several guidelines are available [7, 15, 25].
Guidelines are designed to help clinical decision-making
and are based on the best available evidence. Proposed
surgical indications for a metacarpal fracture include signif-
icant palmar angulation, shortening greater than 2 mm, any
rotational deformity, greater than 1 mm of articular surface
step-off, and involvement of greater than 25 % of the

Table 1 American Society of

Plastic Surgeons Evidence Rat- Level of Evidence

Qualifying Studies

ing Scale for Therapy

I High-quality, multicenter or single-center, randomized controlled trial with
adequate power; or systematic review of these studies

11 Lesser-quality, randomized controlled trial; prospective cohort study; or
systematic review of these studies

111 Retrospective comparative study, case—control study, or systematic review
of these studies

v Case series

\Y% Expert opinion; case report or clinical example; or evidence based on physiology,

bench research, or “first principles”
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articular surface [4, 7, 15]. With respect to how much
palmar angulation can be tolerated, recommendations vary
in the literature from 20° to 70° in the ulnar two digits and
5-10° in the index and middle digit [7, 28]. Other variables
that influence management are the anatomical location of
the fracture within the metacarpal, the type of fracture,
surgeon experience, and patient characteristics. Exact
criteria for directing treatment options have not been de-
fined, and guidelines are not ubiquitously applicable.

K-wires can also be placed in the IM space and this may
minimize the requisite immobilization period of other K-
wire techniques, while conserving the technical facileness
that K-wire fixation provides. IM fixation of metacarpal
fractures can be done on an outpatient basis under general
anesthesia [5, 6, 9, 22, 29], a regional block [3,9, 12, 13, 22,
29], or local anesthetic [29]. A tourniquet may [9, 12, 13] or
may not be applied [5, 6]. A closed reduction is performed
first before the procedure. Then surgeons may choose their
approach based on the site of the fracture (i.e., a proximal
incision for a distal fracture or distal incision for a proximal
fracture) [3, 17, 22]. Depending on whether an antegrade or
retrograde approach is taken, a small incision is then made
over the affected metacarpal base [1, 5, 9, 13, 14, 24] or
head [6, 19, 29], respectively. The K-wires are cut to ap-
proximate the metacarpal length, and then bent according to
the surgeon’s preferences, which usually involves making a
small curve in the wire and sharp bends [13] at the blunt end
to act as a handle [12]. An awl is used to open the medullary
canal and the appropriate placement is confirmed using
fluoroscopy. Imaging is routinely used for guiding K-wire
insertion, although Foucher originally argued it is not nec-
essary [14]. The number of K-wires can vary from one [1, 3]
to four [9, 17], although greater than one K-wire provides
better rotational stability [22]. The number of K-wires used
depends on surgeon experience, size of the medullary canal,
K-wire diameter, and fracture stability [1, 9]. The K-wires
can be cut to lie subcutaneously [1, 22, 24], entirely within
the IM canal [1, 12, 17] or with a short protruding portion to
allow for easy removal [5, 6, 13, 29].

The recent evidence-based review by Friedrich and Vedder
[15] suggested that IM fixation is an attractive option for
metacarpal fracture treatment. IM fixation of metacarpal frac-
tures was first introduced in 1957, and its efficacy has been
demonstrated in multiple case series and observational studies
[1,3,5,6,9, 12,17, 19, 22, 24, 29]. Foucher et al. [13, 14]
introduced the bouquet osteosynthesis technique in 1976. The
technique is relatively quick and reproducible, while allowing
for early mobilization. Rhee et al. [29] recently published a
large prospective series of their modified IM fixation tech-
nique for metacarpal neck and shaft fractures with excellent
functional and cosmetic results. The potential benefits of IM
fixation include less total operative time, fewer days of missed
work for patients, and therefore a hypothesized favorable

Author conclusions

Level of
evidence,
study design

Outcome measures

who had a history of a previous fracture of

the corresponding metacarpal in the

fractures of the actual hand or wrist, patients
contralateral hand.

patients older than 50 years, patients with
surgery, patients with concomitant injuries
in the ipsilateral upper limb, or previous

Exclusions: Patients younger than 18 years,
fractures older than 10 days at time of

Inclusions/exclusions

retrograde IM
fixation (# of

Antegrade or
patients)

treatment (# of

Comparative
patients)

IM intramedullary, PS plating system, ROM range of motion, VAS visual analog scale, DASH Disabilities of the arm, shoulder and hand

Table 2 (continued)

Authors

@ Springer
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cost/benefit ratio; however, this was not addressed in this
review and should be further studied.

A major drawback of IM fixation is that it does not truly
provide rigid fixation [7]. Therefore a longer period of
immobilization is necessary than with PS fixation. Since
patient compliance can be suboptimal in this population,
there is a theoretical risk of delayed union or malunion in
the patient non-compliant of immobilization protocols.
However, none of the studies included in this review
assessed rates of compliance. Although no regimen has been
determined to be optimal [28], some period of immobiliza-
tion will be necessary postoperatively after IM fixation,
which requires the cooperation of the patient.

Limitations of this study were intrinsic to the retrieved
articles. The quality of the evidence available is low to moder-
ate, with the highest rated article receiving II on the American
Society of Plastic Surgeons Evidence Rating Scale for Therapy
[15]. Many of the studies had small sample sizes, which in-
creases the risk of making type I or type Il statistical errors. Due
to the heterogeneity of the study designs and outcome mea-
sures, it was not reasonable to pool the data for a meta-analysis.
Half of the articles looked only at Boxer’s fractures and thereby
limits the ability to generalize these results to all metacarpal
fractures [11, 30, 33, 35]. "Kirschner wire" was not included in
the initial search strategy; however, upon review of the refer-
ences from all included articles, and a more recent search of the
online databases, no additional relevant studies were identified
based on the use of Kirschner wire.

The lack of high-quality research studies available for this
systematic review precludes us from making any evidence-
based recommendations or conclusions on IM fixation com-
pared to other treatment modalities. There is a need for higher-
level studies to compare the various surgical and non-surgical
treatment options for metacarpal fractures. The incidence of
metacarpal fractures is high and thus even small benefits
would be significant for the overall population.
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