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Introduction

Metacarpal shaft fractures (MSF) are common injuries, 
accounting for 10% to 31% of all hand fractures.1-6 They 
place a significant burden on healthcare resources and soci-
ety, commonly affecting young economically active patients.

Despite their prevalence, acceptable parameters of defor-
mity vary widely in the literature,7-9 and there is no consensus 
on the best-practice management approach. Nonsurgical treat-
ment includes closed reduction, different casting techniques 
and splints, or free mobilization. Surgical techniques include 
Kirschner wire (K-wire) fixation, intraosseous wires, inter-
fragmentary compression screws, plates, or external fixators.

Both nonsurgical and surgical treatments require signifi-
cant resources and a period of rehabilitation of weeks to 
months, during which use of the hand is restricted. Surgical 
treatment is perceived to be more costly due to the need for 
specialist resources, additional equipment, and theater use.

Although most patients have excellent outcomes, if not 
appropriately treated, MSF can limit range of motion (ROM) 
and grip strength, lead to an extensor lag from shortening, 
and (rarely) lead to rotational deformity of the digit.10,11 This 
may impair hand function and affect ability to work and live 
at the preinjury level. As they predominantly affect those of 

working age, reduced ability to work during hand recovery 
may lead to substantial societal costs, increasing the cumula-
tive morbidity of MSF. Therefore, establishing the most 
effective treatment for MSF will lead to optimal patient care 
and has the potential to provide economic value to the 
National Health Service.

We report the findings of a systematic review of the 
treatment of MSF. This review was undertaken to establish 
the benefits and risks of surgical and nonsurgical treatments 
and to assess the quality and strength of evidence support-
ing each treatment modality. In analyzing the available lit-
erature, we hope to highlight areas of uncertainty and 
identify learning points for the design of future studies.
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Materials and Methods

We developed a protocol in line with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) Statement12 and prospectively registered the 
review on PROSPERO (CRD42018106950).

Eligibility Criteria

The eligibility criteria are detailed in Table 1. We included 
studies if they compared any form of treatment, either surgi-
cal or nonsurgical, for acute fracture(s) of the metacarpal 
shaft of the finger digits in adult patients, however defined.

Search Strategy and Study Selection

A comprehensive search strategy was compiled by an informa-
tion specialist (D.G.) that included a comprehensive list of 
search terms and synonyms for the concepts: metacarpal 
bones, fractures, and shaft/diaphysis (Supplemental Material). 
The following bibliographic databases were searched on Sep-
tember 16, 2019: PubMed, Ovid MEDLINE, Ovid Embase, 
Cochrane Central Register of Controlled Trials, CINAHL, 
Web of Science and PEDro (Supplemental Table S1). We 
devised a strategy specific to each database, ensuring use of the 
relevant subject headings where available. We screened the 
reference list of included studies for further eligible studies and 
searched the gray literature at the time of the primary search 
via Google Scholar. No date or language limits were applied.

Study selection is reported in a PRISMA flow diagram. 
Two authors (R.H.M.T. and D.G.) independently screened 

titles and abstracts for eligibility. Full-text articles were 
reviewed where abstracts were unclear. Disagreements were 
resolved by discussion with a third author (A.K.). EndNote 
version X8 (Thomas Reuters, New York City, New York) was 
used to manage search results and filter duplicate articles.

Data Management and Risk-of-Bias Assessment

Data extraction and assessment of methodological quality 
were performed in duplicate using a piloted data collection 
form (R.H.M.T. and S.D.). Risk of bias was assessed using 
the Cochrane Risk-of-Bias Tool for Randomized Controlled 
Trials and quasi-random studies13 and the Risk of Bias in 
Nonrandomized Studies of Interventions (ROBINS-I) for 
comparative nonrandomized studies.14,15

Data Synthesis

Data collected included information on study design, popula-
tion, intervention, and outcomes, including use of clinical 
and patient-reported outcome measures (PROMs) and results. 
A meta-analysis was planned, if appropriate, but not per-
formed due to study heterogeneity and risk of bias in included 
studies; a narrative synthesis is therefore presented.

Results

The study selection process is demonstrated via a PRISMA 
flow diagram (Figure 1). A total of 1600 records were iden-
tified through database searches; 7 studies fulfilled the eli-
gibility criteria and were included.

Table 1.  Eligibility Criteria.

Inclusion criteria Exclusion criteria

Types of participants
  Adults, however defined, with 1 or more fracture(s) of the 

metacarpal shaft affecting the fingers (index to little)
•	 Intra-articular fracture(s)
•	 Fracture(s) of the metacarpal neck and/or base
•	 Fracture(s) of the thumb metacarpal
•	 In studies of mixed populations (excluding adults and 

children), a study will be included if ≥90% of the population 
meets the review inclusion criteria

Study design
  Randomized controlled trials
  Studies stated to be “randomized” but for which there is 

inadequate information about sequence generation and/or 
concealment of allocation

  Controlled clinical trials
  Quasi-randomized trials, such as those with alternate allocation 

or allocation based on day of the week or clinic
  Cohort studies

•	 Cadaveric studies
•	 Biomechanical studies
•	 Case series
•	 Case reports
•	 Review articles

Publication type
  Full study reports published in peer review journals
  Separate publications of economic evaluation of the primary 

study
  Studies in any language

•	 Abstracts of completed studies, if full published report is not 
yet available

•	 Unpublished trials
•	 Ongoing trials/studies
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Two discontinued and 4 ongoing trials were identified 
via the World Health Organization International Clinical 
Trials Registry Platform portal, and a further 6 records 
were identified on searching the gray literature and refer-
ence lists of included studies (Supplemental Table S2).

Study Design Characteristics

There were no published randomized controlled trials (RCTs) 
directly comparing surgical with nonsurgical treatment for 

MSF in adult patients. One observational study compared 
nonsurgical with surgical treatment. This was a retrospective, 
2-center cohort study of metacarpal neck and shaft frac-
tures.16

Six studies made comparisons between surgical and non-
surgical treatments, as summarized in Table 2. These included 
2 RCTs,20,21 1 multicenter retrospective study,19 1 dual-center 
retrospective study, and 3 single-center retrospective cohort 
studies, as defined by the literature.16-18,22-24 Of these, 3 com-
pared 2 forms of surgical treatment,17-19 and 3 compared  

Figure 1.  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram detailing study selection. CENTRAL = 
Cochrane Central Register of Controlled Trials; RCT = randomized controlled trial.
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nonsurgical treatments.20-22 Two studies assessed MSF 
only,18,21 with the remainder being mixed-population studies, 
which reported results for MSF as separate subgroups.

Risk-of-Bias Assessment

All studies were assessed to be at critical risk of bias in at 
least 1 domain or at serious risk of bias in 2 or more domains 
(Tables 2-4). Supplemental Material detailing the quality 
assessment for each individual study is available on request.

As most studies are retrospective, allocation of treatment 
may be influenced by multiple confounding factors, includ-
ing clinician preference, injury pattern, and severity of frac-
ture. Of the 2 RCTs, one used an inadequate method of 
randomization (sequentially numbered sealed envelopes),21 
and another did not specify the method used.20 Only 1 study 
provided a prior sample size calculation21; therefore, studies 
may lack the power required to detect meaningful differ-
ences between interventions.

Studies had variable length of follow-up, ranging from 3 
weeks to 65 months, with wide interparticipant variability 
within individual studies, ranging from 3 weeks to 15 to 65 
months,18,21 as well as a disproportionate loss to follow-up 
between intervention groups.16,19

Insufficient information regarding blinding of outcome 
measurements was provided,19 or assessment of outcomes 
occurred at variable time points.16-18 Outcome measurements 
were unblinded in all studies bar one,22 and intervention 

groups were therefore identifiable (either due to the presence 
of surgical scars or due to the use of cast/splints in nonsurgi-
cal interventions); thus, risk of bias was assessed as “serious” 
for all subjectively reported outcomes.

In some studies, there was a disparity between planned 
methods described and reported results, thus leading to bias 
in the selection of reported results. Furthermore, no proto-
cols were published a priori for any of the included studies, 
further potentiating the risk of selective reporting.

Most studies did not provide sufficient information to 
assess bias due to deviations from intended interven-
tions16-22 or missing data.22 Therefore, bias in these domains 
was not demonstrably measured.

Participant and Fracture Characteristics

A total of 438 participants with MSF were included in the 7 
studies. All studies had a small sample size, with a mean of 
63 (range, 26-139).

Participants varied widely, with some studies defining age 
restrictions, whereas others did not. Gender was not docu-
mented in 3 studies: 2 studies had higher proportions of male 
participants17,19 and 1 contained no female participants.18

Eligibility criteria varied markedly between studies, par-
ticularly in the definition of displacement, affected digits, 
multiplicity of fingers fractured, inclusion criterion, and 
indications for surgery. One study defined displacement as 
dorsal angulation >30° or shortening >3 mm,17 whereas 2 

Table 3.  Consolidated Summary of Risk of Bias for Nonrandomized Studies.

Study

Domaina

Overall risk 
of bias1 2 3 4 5 6 7

Biz and Iacobellis17 Critical Serious Low NI Low Serious Moderate Critical
Braakman22 Critical Critical Serious NI NI Low Serious Critical
Dreyfuss et al18 Low Serious Low NI Moderate Serious Moderate Serious
Vasilakis et al19 Critical Serious Low NI Serious NI Serious Critical
Westbrook et al16 Critical Serious Moderate NI Critical Serious Moderate Critical

Note. NI = no information.
aDomain 1: Bias due to confounding. Domain 2: Bias in selection of participants into the study. Domain 3: Bias in classification of interventions. Domain 
4: Bias due to deviations from intended interventions. Domain 5: Bias due to missing data. Domain 6: Bias in measurement of outcomes. Domain 7: 
Bias in the selection of the reported result.

Table 4.  Summary of Risk-of-Bias Assessment for Randomized Studies.

Study

Domaina

Overall 
risk of bias1 2 3 4 5

Konradsen et al20 Some concerns High Low High Some High
McMahon et al21 Some concerns Some concerns Low High Some High

aDomain 1: Risk of bias arising from the randomization process. Domain 2: Risk of bias due to deviations from the intended interventions (effect of 
assignment to intervention). Domain 3: Missing outcome data. Domain 4: Risk of bias in measurement of the outcome. Domain 5: Risk of bias in the 
selection of the reported result.
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did not specify minimum parameters of deformity or indi-
cations for surgery.18,19 All 3 comparative studies of surgical 
treatments excluded open fractures, and 2 excluded high-
energy polytrauma or patients with multiple fractures.

One RCT included only closed stable MSF of the fin-
gers, defined as <50% displacement of the width of the 
shaft, <40° angulation, and displaying an angle >60° 
between the plane of the fracture and the axis of the shaft,21 
whereas the second RCT did not specify any exclusion cri-
teria, simply recruiting 100 consecutive patients.20 Informa-
tion regarding inclusion criterion, selection of participants, 
indications for treatment, and choice of intervention was 
not provided in 2 studies.20,22

Interventions and Rehabilitation

Surgical interventions, time to surgery, surgical technique, 
and choice of metalwork varied considerably among studies, 
with some including the addition of crossed K-wires as well 
as intramedullary fixation18 and variability in surgical plates, 
including dynamic compression, locking plates, or unspeci-
fied types. One study compared closed reduction and K-wire 
fixation to open reduction and internal fixation (ORIF) using 
locking plates and screws.18 Another compared intramedul-
lary K-wire fixation with interfragmentary screw fixation,17 
whereas the third compared percutaneous K-wire fixation 
with ORIF using plate-screw fixation or interfragmentary 
lag screws.19

There was a lack of consistency in the mode of immobi-
lization, position, material used (plaster, thermoplastic, or 
other), and period of immobilization among the 3 compara-
tive studies of nonsurgical treatments (Table 2).20-22

Outcome Measures

A combination of outcome measurements was used at 
varying time points. Five studies reported radiographic 
parameters, such as anteroposterior angulation, shorten-
ing, or the presence of bridging callus.16-18,20,22 Total 
active motion was reported in 3 studies18,19,21 and grip 
strength in 3.16-18

A PROM was reported in 4 of the 7 studies, with the 
MAYO,17 Quick Disabilities of the Arm, Shoulder and 
Hand,16,19 and Disabilities of the Arm, Shoulder and Hand 
(DASH) most frequently used.16-18 Other clinical parame-
ters reported included hand volume and finger circumfer-
ence as surrogate markers of edema,21 whereas postoperative 
rehabilitation and therapy use were only reported in 1 
study.19 Although return to work was recorded by Konrad-
sen et al,20 it was not separately reported for MSF.

Results of Included Studies

Only 1 study directly compared surgical with non-surgical 
treatment, assessing outcomes of metacarpal fractures at ≥2 

years after injury.16 Although baseline demographics were 
similar between the groups, there was significant disparity 
in the number of patients per intervention, 113 treated non-
surgically versus 26 surgically, as well as greater palmar 
angulation at presentation in the surgically treated group. 
No significant differences in grip strength were reported, 
although improved DASH scores and aesthetic outcome 
were noted in those managed nonsurgically, along with a 
worse Sports DASH score.16 The reported findings suggest 
nonsurgical treatment might be preferable to surgical fixa-
tion in the treatment of a single MSF.

Two of the 3 studies of surgical treatments found no evi-
dence of any difference in either functional outcomes or 
PROMs between the treatment groups. Biz and Iacobellis17 
found no evidence of difference when comparing intramedul-
lary fixation with interfragmentary screw fixation at a mean 
follow-up of 28.4 months. These findings were supported by 
Vasilakis et  al who found no difference in functional out-
comes, outpatient follow-up, or hand therapy referral rates 
between ORIF and percutaneous pinning using K-wires. They 
noted that both interfragmentary screws and plate-screw fixa-
tion resulted in earlier splint removal and mobilization com-
pared with closed reduction and percutaneous pinning.19 Only 
1 paper reported improved outcomes in grip strength, ROM, 
and DASH scores with plate-screw fixation over percutane-
ous K-wire fixation, which they attributed to the use of low-
profile locking plates and screws that allowed for aggressive 
mobilization after surgery.18 One study reported reduced 
immobilization time with ORIF (plate-screw fixation or screw 
fixation only),19 whereas another reported a higher incidence 
of malunion in those treated with intramedullary wire fixation 
over interfragmentary screw fixation.17 Given the variability 
in surgical interventions and lack of clearly reported indica-
tions for surgery within studies, comparisons between type of 
fixation and functional outcomes are not appropriate.

Of the comparative studies of nonsurgical treatments, 
few reported subgroup results for MSF. Konradsen et al20 
described good outcomes following their “functional cast”; 
however, rotation, pain, cast inconvenience, length of time 
before returning to work, ROM, and grip strength were not 
separately reported for MSF. McMahon et al21 demonstrated 
improved ROM with immediate mobilization and a com-
pression glove in the first 3 weeks after injury, although this 
improvement was not sustained at 4 weeks. Braakman22 
concluded that near-anatomical reduction of MSF resulted 
in reduced residual angulation at 4 weeks. However, these 
clinical improvements were not correlated with functional 
assessments or PROMs; therefore, extrapolating these con-
clusions to guide patient treatment may not be appropriate.

Discussion

This review highlights the paucity of high-quality evidence 
demonstrating superiority of any one form of treatment 
over another for the management of MSF of the finger  
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digits. Despite their prevalence, there is considerable vari-
ability in the management of MSF with no agreement in the 
literature as to acceptable parameters of deformity or a con-
sensus on treatment strategies. The limited studies identi-
fied lacked consistency of end points, surgical techniques, 
rehabilitation regimens, and outcome measures used. This 
makes meaningful comparison difficult due to considerable 
heterogeneity.

Only 1 retrospective study directly compared surgical 
with non-surgical treatment for MSF.16 As intervention and 
comparator groups were defined some time following 
injury, any differences identified may be due to confound-
ing of either patient or fracture characteristics. The low 
follow-up rate, imbalance in numbers per intervention, and 
variable length of follow-up challenge the conclusions 
drawn that outcomes are favorable following either form of 
treatment.16 There was also differential attrition in the treat-
ment groups, which is likely due to systematic differences 
between the 2 groups.

Despite increasing trends toward surgical fixation in cur-
rent practice, no single technique has been demonstrated to 
be superior in the treatment of MSF. Only 1 retrospective 
study reported improved outcomes with plate-screw fixa-
tion over percutaneous pinning with K-wires.18 However, 
the small sample size (59 patients), significant disparity in 
length of follow-up between groups, and serious overall 
risk of bias impede the use of this study in drawing conclu-
sions about the superiority of either form of treatment. A 
recent meta-analysis of plate fixation versus percutaneous 
pinning for unstable metacarpal fractures concluded that 
although percutaneous pinning resulted in higher motion 
scores, there were no differences in functional scores, grip 
strength, radiographic parameters, time to union, or compli-
cations.25 However, this review was limited by the small 
number of eligible studies (only 4 comparative studies, of 
which only 3 reported total active motion and 2 reported 
DASH), a lack of standard reporting, and limited use of 
functional outcome scores or PROMs.25

Given the heterogeneity of data and inconsistency in 
reporting throughout the literature, there is no evidence to 
support any one treatment over another for MSF. Further-
more, the following inconsistencies compounded analysis 
of the literature:

1.	 There is no clear definition of the metacarpal “shaft,” 
with most studies containing a heterogeneous group 
of neck and shaft fractures. One suggested definition 
may be that described by the Arbeitsgemeinschaft 
für Osteosynthesefragen Foundation/Orthopedic 
Trauma Association as that part of the bone between 
the 2 end segments, with the end segment defined by 
“a square whose sides are the same length as the wid-
est part of the epiphysis/metaphysis in question 
(Heim’s system of squares).”26 However, only 1 

study defined the shaft using this method.18 Accurate 
denotation of the metacarpal shaft is required to dif-
ferentiate mixed-population studies that include sub-
capital/neck fractures, which most agree tolerate far 
greater angulation than MSF.

2.	 There is no consensus on definition of instability or 
acceptable parameters of deformity in MSF. One 
study defined displacement,17 whereas others did 
not specify minimum parameters of deformity or 
indications for surgical treatment.18,19 Diao sug-
gested up to 10° angulation was acceptable in the 
index and middle fingers and 20° to 30° in the ring 
and little fingers,27 whereas some authors accept up 
to 50° angulation in the little and 30° to 35° in the 
ring ringer.28 Others are more conservative, accept-
ing 60° of angulation in the little finger and 45°in 
the ring finger.29 Similarly, although some authors 
opine that finger metacarpals may tolerate 3 to 4 
mm of shortening,30 sometimes more18,28,29 with 
minimal clinical deformity and functional loss, 
cadaveric studies demonstrate that every 2 mm of 
metacarpal shortening may result in as much as 8% 
loss of grip strength.31 The inconsistency in the 
reporting of fracture characteristics and deformity 
increases the risk of selection bias when comparing 
treatments for MSF and highlights the uncertainties 
within the hand surgery community regarding 
acceptable parameters of deformity in MSF. Future 
studies should use clear definitions of deformity 
alongside standardized methods of assessment to 
allow head-to-head comparison of treatments.

3.	 Although angulation and shortening were assessed 
in most studies, precise methods of measuring 
deformity in MSF are not described in the literature, 
with some remaining as vague as stating radio-
graphs were “scanned for metacarpal angulation and 
shortening.”18 Angulation is often measured on lat-
eral radiographs of the hand using mid-medullary 
measurement; however, this method has only been 
validated in the assessment of metacarpal neck frac-
tures.32 Furthermore, normal reference values for 
angulation are only documented for the ring and 
little finger metacarpal.33 An accurate and reliable 
method of measuring angulation and shortening in 
MSF is required to ensure consistency in assessment 
across studies. Furthermore, there is no clear evi-
dence that radiographic outcomes directly correlate 
with function. Standardizing radiographic assess-
ment alongside collection of PROMs would aid our 
understanding of this.

4.	 Most studies did not examine rehabilitation/therapy 
regimens or other key variables such as the time 
from injury to surgery or length of immobilization, 
which may also have a prognostic impact on out-
comes following MSF.
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5.	 Where cosmesis or inconvenience of treatment has 
been assessed, arbitrary measures selected by study 
authors were used.16,17,20 Patients may have widely 
differing views to clinicians, and acceptability to 
patients may vary significantly from the parameters 
selected by clinicians; therefore, future studies must 
address the views of patients.

6.	 There is incongruity in outcomes assessed, with 
studies measuring a variety of outcomes at varying 
time points. All studies focused on clinical and 
radiographic outcomes, with no study reporting a 
PROM as the primary outcome of interest. The lack 
of standardized reporting and assessment is com-
pounded by the fact that there is no core outcome set 
for trials/studies in hand surgery. Consensus on a 
minimum data set in future trials is required to 
ensure consistency in reporting and to allow future 
meta-analysis.

7.	 Low recruitment and retention are inherent issues in 
studies of metacarpal fractures and have led to the 
termination of several RCTs, including a multi-
center RCT of intramedullary wiring and conserva-
tive treatment for subcapital and shaft fractures of 
the little finger metacarpal.34 This limits the pool of 
available clinical trials and reduces the robustness 
of evidence available for the synthesis of meaning-
ful conclusions regarding treatments for MSF. 
Future studies must minimize attrition using novel 
techniques, remote data collection, timely, focused 
follow-up, and reducing research burden.

8.	 Studies rarely examined the socioeconomic impact 
of time off work, lost productivity, or need for 
additional support/care while undergoing treat-
ment for MSF. There is no evaluation of the cost-
effectiveness of treatments for MSF, with 
utilization of resources rarely recorded in studies. 
Only 1 study recorded length of surgery and hospi-
tal stay.17 Such evidence is required to inform 
healthcare allocation.

Our conclusions must be considered in lieu of the study limi-
tations. Our review is limited by the small number of eligible 

studies, which mostly provide level IV evidence. Although a 
comprehensive search strategy was devised, it is possible that 
relevant publications may not have been identified. As with 
any review, reporting bias, both within individual studies and 
in relation to published findings, limits the available data 
from which to pool results. This is compounded by the small 
sample size in individual studies. Furthermore, the high risk 
of bias and associated limitations of included studies impede 
any meaningful assessment of specific intervention types and 
associated outcomes. We recommend that future researchers 
address the deficiencies of prior studies so that direct com-
parisons can be made between treatments (Table 5).

This review highlights the need for large, well-designed 
randomized studies to inform current practice and guide 
management of these common injuries. Although RCTs are 
difficult to implement, identifying the most beneficial and 
cost-effective treatment for MSF will aid clinicians and 
patients to make informed treatment choices while maxi-
mizing value for health service providers.
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Table 5.  Our Recommended Minimum Data Set for Future Metacarpal Shaft Studies.

Definitions Patient details Fracture details
Details of fracture 

diagnosis and treatment
Details of outcome 

assessment
Economic 
evaluation

Metacarpal shaft
Instability
MCID for selected 

PROM
Indication for 

treatment or 
surgery

Age
Gender
Occupation
Hand dominance
Number of patients 

identified, recruited, 
and followed up

Method of assessment 
of fracture deformity

Fracture angulation
Shortening
Presence of “step-off” 

deformity

Implants used
Cast/splint details
Length of 

immobilization
Rehabilitation

PROM
Comparable 

follow-up between 
treatment groups

TAM
Grip strength

Time off work
Treatment costs
Personal impact 

of injury and 
treatment

Note. PROM = patient-reported outcome measure; TAM = total active motion; MCID = minimal clinically important difference.
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and not necessarily those of the National Health Service, the NIHR 
or the Department of Health and Social Care.

ORCID iDs

Rowa H. M. Taha  https://orcid.org/0000-0002-2403-5107

Alexia Karantana  https://orcid.org/0000-0003-3742-5646

References

	 1.	 de Jonge JJ, Kingma J, van der Lei B, et al. Fractures of the 
metacarpals. A retrospective analysis of incidence and aetiol-
ogy and a review of the English-language literature. Injury. 
1994;25:365-369.

	 2.	 Hove LM. Fractures of the hand. Distribution and relative inci-
dence. Scand J Plast Reconstr Surg Hand Surg. 1993;27:317-
319.

	 3.	 Stanton JS, Dias JJ, Burke FD. Fractures of the tubular bones 
of the hand. J Hand Surgery Eur. 2007;32:626-636.

	 4.	 Nakashian MN, Pointer L, Owens BD, et  al. Incidence of 
metacarpal fractures in the US population. Hand (N Y). 
2012;7:426-430.

	 5.	 Chung KC, Spilson SV. The frequency and epidemiology of 
hand and forearm fractures in the United States. J Hand Surg 
Am. 2001;26:908-915.

	 6.	 Angermann P, Lohmann M. Injuries to the hand and wrist. A 
study of 50,272 injuries. J Hand Surg Eur. 1993;18:642-644.

	 7.	 Faraj AA, Davis TR. Percutaneous intramedullary fixation of 
metacarpal shaft fractures. J Hand Surg Br. 1999;24:76-79.

	 8.	 Kollitz KM, Hammert WC, Vedder NB, et  al. Metacarpal 
fractures: treatment and complications. Hand (New York, NY). 
2014;9:16-23.

	 9.	 Retrouvey H, Morzycki A, Wang AMQ, et al. Are we over 
treating hand fractures? Current practice of single metacarpal 
fractures. Plast Surg (Oakv). 2018;26:148-153.

	10.	 Strauch RJ, Rosenwasser MP, Lunt JG. Metacarpal shaft frac-
tures: the effect of shortening on the extensor tendon mecha-
nism. J Hand Surg Am. 1998;23:519-523.

	11.	 Low CK, Wong HC, Low YP, et al. A cadaver study of the 
effects of dorsal angulation and shortening of the metacarpal 
shaft on the extension and flexion force ratios of the index and 
little fingers. J Hand Surg Br. 1995;20:609-613.

	12.	 Moher D, Liberati A, Tetzlaff J, et  al. Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA 
statement. BMJ. 2009;339:b2535.

	13.	 Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane 
Collaboration’s tool for assessing risk of bias in randomised 
trials. BMJ. 2011;343:d5928.

	14.	 Sterne JAC, Hernán MA, Reeves BC, et al. ROBINS-I: a tool 
for assessing risk of bias in non-randomised studies of inter-
ventions. BMJ. 2016;355:i4919.

	15.	 Schünemann HJ, Cuello C, Akl EA, et al. GRADE guide-
lines: 18. How ROBINS-I and other tools to assess risk 
of bias in nonrandomized studies should be used to rate 
the certainty of a body of evidence. J Clin Epidemiol. 
2019;111:105-114.

	16.	 Westbrook AP, Davis TR, Armstrong D, et  al. The clini-
cal significance of malunion of fractures of the neck and 

shaft of the little finger metacarpal. J Hand Surg Eur Vol. 
2008;33:732-739.

	17.	 Biz C, Iacobellis C. Comparison of percutaneous intra-
medullary Kirschner wire and interfragmentary screw fixa-
tion of displaced extra-articular metacarpal fractures. Acta 
Biomedica. 2014;85:252-264.

	18.	 Dreyfuss D, Allon R, Izacson N, et al. A comparison of lock-
ing plates and intramedullary pinning for fixation of metacar-
pal shaft fractures. Hand (New York, NY). 2019;14:27-33.

	19.	 Vasilakis V, Sinnott CJ, Hamade M, et  al. Extra-articular 
metacarpal fractures: closed reduction and percutaneous 
pinning versus open reduction and internal fixation. Plast 
Reconstr Surg Glob Open. 2019;7(5):e2261.

	20.	 Konradsen L, Nielsen PT, Albrecht-Beste E. Functional treat-
ment of metacarpal fractures 100 randomized cases with or 
without fixation. Acta Orthop Scand. 1990;61:531-534.

	21.	 McMahon PJ, Woods DA, Burge PD. Initial treatment of closed 
metacarpal fractures. A controlled comparison of compression 
glove and splintage. J Hand Surg Br. 1994;19:597-600.

	22.	 Braakman M. Is anatomical reduction of fractures of the fourth 
and fifth metacarpals useful. Acta Orthop Belg. 1997;63:106-
109.

	23.	 Mathes T, Pieper D. Clarifying the distinction between case 
series and cohort studies in systematic reviews of comparative 
studies: potential impact on body of evidence and workload. 
BMC Med Res Methodol. 2017;17:107.

	24.	 Dekkers OM, Egger M, Altman DG, et al. Distinguishing case 
series from cohort studies. Ann Intern Med. 2012;156:37-40.

	25.	 Melamed E, Joo L, Lin E, et al. Plate fixation versus percu-
taneous pinning for unstable metacarpal fractures: a meta-
analysis. J Hand Surg Asian Pac Vol. 2017;22:29-34.

	26.	 Meinberg EG, Agel J, Roberts CS, et  al. Fracture and dis-
location classification compendium-2018. J Orthop Trauma. 
2018;32(suppl 1):S1-S170.

27.	 Diao E. Metacarpal fixation. Hand Clinics. 1997;13:557-571.
	28.	 Kozin SH, Thoder JJ, Lieberman G. Operative treatment of 

metacarpal and phalangeal shaft fractures. J Am Acad Orthop 
Surg. 2000;8:111-121.

	29.	 Orbay J. Intramedullary nailing of metacarpal shaft fractures. 
Tech. 2005;9:69-73.

	30.	 Freeland AE, Orbay JL. Extra-articular hand fractures 
in adults: a review of new developments. Clin Orthop. 
2006;445:133-145.

	31.	 Meunier MJ, Hentzen E, Ryan M, et al. Predicted effects of 
metacarpal shortening on interosseous muscle function. J 
Hand Surg Am. 2004;29:689-693.

	32.	 Sletten IN, Nordsletten L, Hjorthaug GA, et al. Assessment 
of volar angulation and shortening in 5th metacarpal neck 
fractures: an inter- and intra-observer validity and reliability 
study. J Hand Surgery Eur. 2012;38:658-666.

	33.	 Braakman M. Normal radiographic angulation in the 4th and 5th 
metacarpal: a reference guide. Eur J Radiol. 1996;22:38-41.

	34.	 Rossvoll I, ClinicalTrials.gov, National Library of Medicine. 
2010 Nov 17: identifier NCT01242982, subcapital and shaft 
fractures of the 5. Metacarpal, 2010. https://clinicaltrials.gov/
ct2/show/NCT01242982. Published April 8, 2015. Accessed 
September 16, 2019.

https://orcid.org/0000-0002-2403-5107
https://orcid.org/0000-0003-3742-5646
https://clinicaltrials.gov/ct2/show/NCT01242982
https://clinicaltrials.gov/ct2/show/NCT01242982

