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Abstract
Objective: To investigate differences in the effectiveness of two lag screws, a regular bone plate, and locking bone
plate fixation in treating horizontal oblique metacarpal shaft fractures.
Materials and methods: Horizontal oblique metacarpal shaft fractures were created in 21 artificial metacarpal bones
and fixed using one of the three methods: (1) two lag screws, (2) a regular plate, and (3) a locking plate. All the speci‑
mens were subjected to the cantilever bending test performed using a material testing machine to enable recording
of the force–displacement data of the specimens before failure. The Kruskal–Wallis test was used to compare failure
force and stiffness values among the three fixation methods.
Results: The mean failure force of the two lag screw group (78.5 ± 6.6 N, mean + SD) was higher than those of the
regular plate group (69.3 ± 17.6 N) and locking plate group (68.2 ± 14.2 N). However, the mean failure force did not
significantly differ among the three groups. The mean stiffness value of the two lag screw group (17.8 ± 2.6 N/mm)
was lower than those of the regular plate group (20.2 ± 10.5 N/mm) and locking plate group (21.8 ± 3.8 N/mm). How‑
ever, the mean stiffness value did not significantly differ among the three groups.
Conclusion: The fixation strength of two lag screw fixation did not significantly differ from that of regular and locking
bone plate fixation, as indicated by the measurement of the ability to sustain force and stiffness.
Keywords: Horizontal oblique metacarpal shaft fracture, Screw, Lag screw, Regular plate, Locking plate
Introduction
Metacarpal fractures are not uncommon and account for
approximately 40% of all hand fractures [1]. Most metacarpal bone fractures can be treated conservatively [2,
3]. However, for complex fractures with comminution
or unstable metacarpal fractures, such as oblique fractures, spiral fractures, or those involving the shortening of the metacarpal bone due to overlapping fracture
ends, surgical intervention is required to prevent subsequent complications [4, 5]. Few studies have specifically
focused on the clinical treatment of oblique metacarpal
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bone fractures. Currently, the following surgical methods
are the most commonly used in clinical practice to treat
oblique metacarpal shaft fractures: (1) lag screw fixation, (2) bone plate fixation, and (3) K-wire fixation [6].
In K-wire fixation, the fixation strength is insufficient to
withstand the torsion load at the fracture site; this can
lead to the rotational malunion of the fracture and eventually to a scissoring deformity. Therefore, most hand
surgeons do not consider K-wire fixation as the primary
treatment for oblique metacarpal fractures [7, 8]. No
consensus has yet been reached regarding whether lag
screw or bone plate fixation is the most favorable surgical method [6, 9]. Lag screw fixation is a minimally invasive surgical procedure. However, surgeons are often
concerned lag screw fixation will be inadequately strong
[10–13]. Başar et al. [14] recommended lag screw fixation
only for oblique phalangeal bone fractures and bone plate
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fixation for oblique metacarpal bone fractures. In their
biomechanical study, Adams et al. [15] indicated that the
use of lag screws can result in excellent fixation strength
in long oblique metacarpal shaft fractures (defined as
the fracture length being longer than the diameter of the
metacarpal bone) [15].
To our knowledge, previous studies have not provided
clear definitions for fracture classifications or suggestions for appropriate surgical treatments for oblique
metacarpal shaft fractures. In this study, we proposed a
new classification system for oblique metacarpal shaft
fractures, conducted biochemical studies based on our
classification, and identified the most favorable surgical
fixation method for oblique metacarpal shaft fractures.
In addition, although many studies have investigated the
fixation capacity of metacarpal transverse fractures [16,
17], few have focused on oblique fractures [6]. Moreover,
no study has focused on fixation methods for horizontal
oblique metacarpal shaft fractures. Therefore, this study
compared the effectiveness of two lag screws, regular
bone plates, and locking bone plates for fixing horizontal
oblique metacarpal shaft fractures.
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Fig. 1 Defined oblique metacarpal shaft fracture types

Materials and methods
Definition of oblique metacarpal shaft fractures
and preparation of the artificial bone specimen

We divided oblique metacarpal shaft fractures into two
categories: (1) horizontal oblique fractures (type I; the
main oblique fracture line extends from the radial side
to the ulnar side of the metacarpal shaft, crossing the
horizontal plane of the metacarpal bone) and (2) vertical
oblique fractures (type II; the main oblique fracture line
extends from the dorsal side to the volar side of the metacarpal shaft, crossing the vertical plane of the metacarpal
bone; Fig. 1). In this study, we examined only horizontal
oblique metacarpal shaft fractures (type I) and performed
a biomechanical study to determine the fixation strength
at fracture sites.
A total of 21 artificial third metacarpal bones (Sawbones, Vashon, WA, USA) were used in this study. Two
transverse lines were drawn first for reference. The distal
line was transversely drawn across the distal metacarpal
shaft approximately 20 mm from the top of the metacarpal head. The proximal line was transversely drawn across
the proximal metacarpal shaft approximately 40 mm
from the top of the metacarpal head. Subsequently, we
connected the two parallel lines with an oblique line and
used an electric saw to create a horizontal oblique fracture, with an oblique angle of 30°. Horizontal oblique
metacarpal shaft fractures were created in the artificial
metacarpal bones by using an electric chainsaw (Fig. 2).
In addition, the proximal end of the artificial metacarpal
bone was embedded in epoxy resin.

Fig. 2 Artificial metacarpal bones with horizontal oblique metacarpal
shaft fractures: a dorsal and b lateral views

Fixation approaches

Horizontal oblique metacarpal shaft fractures were created in the 21 artificial metacarpal bones by using a
chainsaw. The bones were equally distributed into three
groups: (1) two lag screws (LS), (2) regular plate (RP), and
(3) locking plate (LP) (Fig. 3). All fracture fixation surgeries were performed by a single senior hand surgeon, Dr.
Y.C. Chiu.
LS group: After the manual reduction of the artificial bone with a horizontal oblique fracture, two parallel 2.3-mm cortical screws (Stryker, Germany) were
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Fig. 3 Photographs of the three fixation approaches: a anterior–posterior view of lag screw fixation; b lateral view of lag screw fixation; c anterior–
posterior view of regular plate fixation; d lateral view of regular plate fixation; e anterior–posterior view of locking plate fixation; and f lateral view of
locking plate fixation

inserted from the lateral side of the cortex. The lag
screws were inserted into the bones in the direction
perpendicular to the fracture line. To fix the fracture,
both the lag screws were inserted completely until
they penetrated the contralateral cortex (distal cortex)
(Fig. 3a, b).
RP group: After the manual reduction of the artificial
bone with a horizontal oblique fracture, a regular 5-hole
plate (steel plate model: Stryker, Germany) was applied
on the dorsal cortex of the metacarpal bone. The plate
was screwed to the proximal and distal ends of the fracture site by using two conventional cortical screws on
each side. All four screws penetrated the distal and proximal cortical bones (Fig. 3c, d).
LP group: After the manual reduction of the artificial bone with a horizontal oblique fracture, a locking
5-hole plate (steel plate model: Stryker, Germany) was
applied on the dorsal cortex of the metacarpal bone. The
plate was screwed to the proximal and distal ends of the
fracture site by using two conventional locking cortical

screws on each side. All four screws penetrated the distal
and proximal cortical bones (Fig. 3e, f ).
Biomechanical test

We performed the cantilever bending test in vitro. The
material testing system used in this study was the JSVH1000 (Japan Instrumentation System, Nara, Japan;
Fig. 4a). At the distal region of the dorsal side of the
artificial metacarpal bone, force was applied at a rate of
10 mm/min. The force–displacement curve was plotted
as the force was applied, and failure force and stiffness
values were determined from the plotted force–displacement curve (Fig. 4b, c).
Statistical analysis

The failure force and stiffness values of the three fixation methods are expressed as means and standard
deviations. The Shapiro–Wilk test revealed that the failure force and stiffness were not normally distributed
among the three groups. Therefore, the Kruskal–Wallis
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Fig. 4 a Biomechanical cantilever bending test; b force–displacement curve of lag screw fixation; and c force–displacement curve of locking plate
fixation

Table 1 Failure force and stiffness of three fixation methods for
horizontal oblique metacarpal shaft fractures
Parameters (unit)

Failure force (N)

Stiffness (N/mm)

Value

Mean

Three fixation approaches
2 LS

RP

LP

P†
0.135

78.5

69.3

68.2

SD

6.6

17.6

14.2

Max

90.4

96.2

91.1

Min

70.7

53.5

50.7

Mean

17.8

20.2

21.8

SD

2.6

10.5

3.8

Max

23.3

40.4

29.1

Min

15.1

9.9

17.4

0.513

LS Lag screws; RP Regular plate; LP Locking plate; SD Standard deviation; Max
Maximum; Min Minimum
†

Kruskal–Wallis test

test was performed to compare the effectiveness of the
three methods in fixing horizontal oblique metacarpal
shaft fractures. If a statistical difference was identified,
post hoc pairwise comparisons were conducted by the
exact test of Wilcoxon rank sum test with the Bonferroni adjustment, and the significance level was 0.0167
(0.05/3). All statistical analyses were performed using
SPSS 19.0 (IBM Corporation, Armonk, NY, USA), and a
P value of < 0.05 was considered statistically significant.

Results
Table 1 lists the failure force and stiffness values of the
three fixation methods. The mean failure force value of
the LS group (78.5 ± 6.6 N) was higher than those of the
RP (69.3 ± 17.6 N) (P = 0.394) and LP (68.2 ± 14.2 N)
(P = 0.310) groups. The mean failure force of the LS
group was 13.3% and 15.1% higher than those of the

RP and LP groups, respectively. However, no significant difference was observed among the three groups.
The mean stiffness value of the LS group (17.8 ± 2.6 N/
mm) was lower than those of the RP (20.2 ± 10.5 N/mm)
(P = 0.937) and LP (21.8 ± 3.8 N/mm) (P = 0.093) groups;
however, no significant difference was noted among the
three groups.

Discussion
In this study, we proposed a more detailed fracture classification based on whether the oblique fracture line
mainly crosses the horizontal or vertical plane of the
metacarpal shaft. Our results revealed that the fixation
strength, measured by determining the effectiveness in
sustaining force and stiffness, did not significantly differ
among the LS, RP, and LP fixation. Treatment of these
two types of oblique fractures differs as follows: (1) When
dorsal bone plate fixation is used to fix type II fractures,
the screw on the bone plate can serve as a lag screw, thus
increasing the stability of the fracture end (Fig. 5 right).
In type I fractures, the screw on the bone plate cannot
serve as a lag screw. Therefore, the effectiveness of using
bone plates to fix type I fractures is poorer (Fig. 5 left).
(2) During hand prehension, the intrinsic muscles of the
hand generate a bending force toward the metacarpal
bone. Therefore, for type I fractures, the vector of the
bending force can result in severe fracture site displacement. By contrast, for type II fractures, the vector of the
bending force exerts a weaker effect in terms of causing
fracture site displacement.
Metacarpal fractures are often caused by a direct blow
during violence, axial loading due to falls on an outstretched hand, and torsion force from forceful traction [18]. Different injury mechanisms result in different
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Fig. 6 a The locking plate specimen was placed on the material
testing system, and the fixture on which force was applied slipped off
the force-bearing point of the artificial metacarpal bone. b Although
the locking plate was permanently deformed, a fracture did not occur
in the specimen

Fig. 5 Bone screw on the dorsal plate cannot serve as a lag screw
(white arrow) (left) and bone screw on the dorsal plate can serve as a
lag screw (white arrow) (right)

fracture types. Fractures are typically categorized as
transverse, oblique, spiral, or comminuted [18]. Vertical force and direct impact cause transverse or comminuted fractures, whereas torsion force results in oblique
or spiral fractures. Among the different types of fracture,
oblique and spiral are the most common, accounting for
approximately 75% of all fractures [18]. The bone contact
surface of the fracture site is small in transverse fractures.
Thus, such fractures often result in nonunion due to the
displacement or overlapping of the fractured bone end [4,
8]. This type of fracture usually requires surgical intervention. According to the literature and our previous
mechanical study, favorable outcomes (fixation strength)
can be achieved using both bone plate and intramedullary screw fixation [19–21]. The use of lag screws in
transverse bone fractures is not favorable because they
do not result in satisfactory fixation strength [22]. When
bone plate fixation is performed to treat oblique fractures, bone plates of longer lengths are required to cover
the longer fracture zone and ensure that screws can be
fixed on the uninjured bone end. This is associated with
extensive soft tissue dissection and postsurgical complications, including tendon adhesion, scar contracture, and
joint stiffness [23]. By contrast, the use of lag screws to
treat oblique metacarpal shaft fractures has resulted in
favorable outcomes and does not require extensive soft
tissue dissection around the fracture site [19, 20]. Treatment is generally effective when lag screw fixation is performed. However, biomechanical studies on lag screw
fixation, especially those comparing the effectiveness of

lag screw fixation with that of bone plate fixation in treating oblique metacarpal shaft fractures, are rare. Therefore, we proposed a more detailed fracture classification
based on the fracture pattern and compared the fracture
fixation effectiveness of lag screws and bone plates by
using this classification.
In the studies on metacarpal fracture fixation, Chiu
et al. [19, 24] used the same artificial metacarpal bone
and cantilever bending biomechanical test. They used the
headless compression screw, plate, and regular plate to
fix the fracture in the middle of the metacarpal diaphysis.
For the three fixation methods, the maximum fracture
force values were 285.6, 227.8, and 228.2 N, respectively,
and the stiffness values were 65.2, 61.7, and 54.9 N/mm,
respectively. In addition, Chiu et al. [25] indicated that
the use of the lag screw, regular bone plate, and locking
plate to fix metacarpal vertical oblique shaft fractures
resulted in maximum fracture force values of 153.6,
211.6, and 227.5 N, respectively, and stiffness values of
57.0, 64.7, and 65.4 N/mm, respectively. The findings of
the previous study [25] and those of the current study
indicate that the fixation strength of lag screws is not
inferior to that of a metallic plate in either horizontal or
vertical oblique fractures.
We used stiffness as an indicator to determine the fixation strength. However, we did not adopt the maximum
fracture force as an indicator because when the material testing system was used to apply force on the distal
region of the dorsal side of the artificial metacarpal bone
in the RP and LP fixation, the maximum force was not
observed at the actual fracture site in the entire specimen, as determined by plotting the force–displacement
curve. Instead, the maximum force was observed at
the point where the fixture on which force was applied
slipped off the artificial metacarpal bone (Fig. 6a). At this
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time, the bone plate was already inserted into the plastic
deformation region. Therefore, for the RP and LP fixation, the force value corresponding to the yield point was
considered appropriate as the evaluation index, and we
used it to represent the failure force. In the LS fixation,
the samples exhibited an actual fracture and loosening, as
determined from the force–displacement curve (Fig. 6b).
The surgical methods most commonly used in clinical practice to treat oblique metacarpal shaft fractures
are: (1) lag screw fixation, (2) bone plate fixation, and (3)
K-wire fixation [6]. Among these methods, bone plate
fixation is generally considered to result in the strongest
fixation effect; however, it requires longer surgical incisions and more extensive soft tissue dissection and is
more expensive [9, 26]. For K-wire fixation, the fixation
strength is insufficient to withstand the torsion load at
the fracture site; this can lead to the rotational malunion of the fracture and eventually a scissoring deformity [2]. Therefore, most hand surgeons do not consider
K-wire fixation to be suitable for the treatment of oblique
metacarpal fractures. Lag screw fixation is a less invasive surgical procedure and typically results in favorable
outcomes [27]. However, the uncertain mechanical stability of fixing by using only lag screws and the precise
surgical technique required to place lag screws are major
concerns for surgeons [27]. However, because the bone
contact area of oblique metacarpal shaft fractures is relatively large, the bone healing potential for such fractures
is higher than that for transverse fractures. Lag screw
fixation can be more favorable for a larger fracture zone
in oblique fractures. In addition to not causing complications normally associated with bone plate fixation, lag
screw fixation involves shorter surgical incisions, less
soft tissue dissection, lower costs, and shorter operating
times [19, 20, 28].
This study has several limitations. First, we used artificial bone instead of human bone because of difficulty
procuring fresh human metacarpal bones. Furthermore, even if such fresh bones were obtained, ensuring
that all specimens possessed similar material properties
would be impossible. Therefore, similar to most studies
[1, 7, 20, 29], we used artificial bone instead of human
metacarpal bone. Second, we performed the cantilever bending test to evaluate the effectiveness of different fixation methods for horizontal oblique metacarpal
shaft fractures; this method was similarly used in other
studies [19, 20, 30]. However, the movement of this
loading model differs from that of real hands. Therefore, additional comprehensive experiments must be
conducted to gain a better understanding of this topic.
Third, compared with a true oblique fracture, a spiraltype oblique fracture is more commonly encountered

in a real clinical scenario. However, in a biomechanical
study, a true oblique fracture can be more easily reproduced and standardized in artificial metacarpal bone,
and we can obtain study results with high reliability.
Although we examined true oblique fractures in this
study, we will focus on spiral-type oblique fractures in
our future study.

Conclusion
The fixation strength of two lag screw fixation did not
significantly differ from that of regular bone plate and
locking bone plate fixation, as indicated by the measurement of the ability to sustain force and stiffness.
Because of the disadvantages of bone plate fixation,
clinicians should consider two lag screw fixation as
the primary surgical treatment for treating horizontal
oblique metacarpal shaft fractures.
Acknowledgements
None.
Author contributions
Y-CC, C-EH, and J-TH provided conceptualization; Y-CC, T-YH, Y-NT, and J-TH
did methodology; Y-CC, T-YH, M-TT and J-TH done writing—original draft
preparation. Y-CC, C-EH, M-TT and J-TH were involved in writing—review and
editing; J-TH performed funding acquisition. All authors have read and agreed
to the published version of the manuscript. All authors read and approved the
final manuscript.
Funding
This research was partially supported by China Medical University, Taiwan
(grant number: CMU110-MF-95 and CMU110-S-05).
Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Declarations
Ethics approval and consent to participate
This is an artificial foam bone study. No ethical approval was required for this
study.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no conflict of interest.
Author details
1
School of Medicine, China Medical University, Taichung 404, Taiwan. 2 Depart‑
ment of Orthopedic Surgery, China Medical University Hospital, Taichung 404,
Taiwan. 3 Department of Orthopaedics, Taichung Veterans General Hospital,
Taichung 407, Taiwan. 4 Sports Recreation and Health Management Continu‑
ing Studies‑Bachelor’s Degree Completion Program, Tunghai University,
Taichung 407, Taiwan. 5 3D Printing Medical Research Center, China Medical
University Hospital, Taichung 404, Taiwan. 6 Department of Biomedical
Engineering, Hungkuang University, Taichung 433, Taiwan. 7 Department
of Biomedical Engineering, College of Biomedical Engineering, China Medical
University, Taichung 404, Taiwan. 8 School of Dentistry, College of Dentistry,
China Medical University, Taichung 404, Taiwan. 9 Department of Bioinformat‑
ics and Medical Engineering, Asia University, Taichung 413, Taiwan.

Chiu et al. Journal of Orthopaedic Surgery and Research

(2022) 17:374

Received: 3 June 2022 Accepted: 27 July 2022

References
1. Dreyfuss D, Allon R, Izacson N, Hutt D. A comparison of locking plates and
intramedullary pinning for fixation of metacarpal shaft fractures. Hand.
2019;14(1):27–33.
2. Heckman JD, McKee M, McQueen MM, Ricci W, Tornetta P III. Rockwood
and Green’s fractures in adults. Lippincott Williams & Wilkins; 2014.
3. Hussain MH, Ghaffar A, Choudry Q, Iqbal Z, Khan MN. Management
of fifth metacarpal neck fracture (boxer’s fracture): a literature review.
Cureus. 2020;12:7.
4. Wong KP, Hay RAS, Tay SC. Surgical outcomes of fifth metacarpal neck
fractures—a comparative analysis of dorsal plating versus tension band
wiring. Hand Surg. 2015;20(01):99–105.
5. Zhang J-F, Li Y, Huo Y-X, Yan M, Liang S-L, Wang L, Wang B-C. Biomechani‑
cal analysis of locking plates for fixation of metacarpal shaft fractures: a
finite element analysis. Orthop Traumatol Surg Res. 2022;2022:103340.
6. Kawamura K, Chung KC. Fixation choices for closed simple unsta‑
ble oblique phalangeal and metacarpal fractures. Hand Clin.
2006;22(3):287–95.
7. Sohn RC, Jahng KH, Curtiss SB, Szabo RM. Comparison of metacarpal plat‑
ing methods. J Hand Surg. 2008;33(3):316–21.
8. Wong KY, Mole R, Gillespie P. Kirschner wire breakage during removal
requiring retrieval. Case Rep Surg. 2016;2016:1.
9. Padegimas EM, Warrender WJ, Jones CM, Ilyas AM. Metacarpal neck frac‑
tures: a review of surgical indications and techniques. Arch Trauma Res.
2016. https://doi.org/10.5812/atr.32933.
10. Crawford GP. Screw fixation for certain fractures of the phalanges and
metacarpals. JBJS. 1976;58(4):487–92.
11. Kilbourne BC, Paul EG. The use of small bone screws in the treatment of
metacarpal, metatarsal, and phalangeal fractures. JBJS. 1958;40(2):375–83.
12. Rüedi TP, Burri C, Pfeiffer KM. Stable internal fixation of fractures of the
hand. J Trauma Acute Care Surg. 1971;11(5):381–9.
13. Trevisan C, Morganti A, Casiraghi A, Marinoni EC. Low-severity metacarpal
and phalangeal fractures treated with miniature plates and screws. Arch
Orthop Trauma Surg. 2004;124(10):675–80.
14. Başar H, Başar B, Başçı O, Topkar OM, Erol B, Tetik C. Comparison of
treatment of oblique and spiral metacarpal and phalangeal fractures
with mini plate plus screw or screw only. Arch Orthop Trauma Surg.
2015;135(4):499–504.
15. Adams JE, Miller T, Rizzo M. The biomechanics of fixation techniques for
hand fractures. Hand Clin. 2013;29(4):493–500.
16. Massengill JB, Alexander H, Langrana N, Mylod A. A phalangeal fracture
model—quantitative analysis of rigidity and failure. J Hand Surg.
1982;7(3):264–70.
17. Vanik RK, Weber RC, Matloub HS, Sanger JR, Gingrass RP. The comparative
strengths of internal fixation techniques. J Hand Surg. 1984;9(2):216–21.
18. Low C, Wong H, Low Y, Wong H. 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 Eur.
1995;20(5):609–13.
19. Chiu Y-C, Hsu C-E, Ho T-Y, Ting Y-N, Tsai M-T, Hsu J-T. Bone plate fixation
ability on the dorsal and lateral sides of a metacarpal shaft transverse
fracture. J Orthop Surg Res. 2021;16(1):1–10.
20. Chiu Y-C, Hsu C-E, Ho T-Y, Ting Y-N, Tsai M-T, Hsu J-T. Effect of a figureof-eight cerclage wire with two Kirschner wires on fixation strength for
transverse metacarpal shaft fractures: an in vitro study with artificial bone.
BMC Musculoskelet Disord. 2021;22(1):1–9.
21. Melamed E, Hinds RM, Gottschalk MB, Kennedy OD, Capo JT. Comparison
of dorsal plate fixation versus intramedullary headless screw fixation
of unstable metacarpal shaft fractures: a biomechanical study. Hand.
2016;11(4):421–6.
22. Black D, Mann R, Constine R, Daniels A. Comparison of internal fixation
techniques in metacarpal fractures. J Hand Surg. 1985;10(4):466–72.
23. Hustedt JW, Barber CC, Bonnelli M, Champagne LP. Lateral versus dorsal
plating for treating metacarpal and phalanx fractures: a retrospective
cohort study. UNM Orthop Res J. 2017;6(1):21.

Page 7 of 7

24. Chiu Y-C, Hsu C-E, Ho T-Y, Ting Y-N, Wei B-H, Tsai M-T, Hsu J-T. Comparison
of the fixation ability of headless compression screws and locking plate
for metacarpal shaft transverse fracture. Medicine 2021;100(39).
25. Chiu Y-C, Ho T-Y, Hsu C-E, Ting Y-N, Tsai M-T, Hsu J-T. Comparison of the
fixation ability between lag screw and bone plate for oblique metacarpal
shaft fracture. J Orthop Surg Res. 2022;17(1):1–6.
26. Kollitz KM, Hammert WC, Vedder NB, Huang JI. Metacarpal fractures: treat‑
ment and complications. Hand. 2014;9(1):16–23.
27. Dyrna FG, Avery DM, Yoshida R, Lam D, Oeckenpöhler S, Cote MP,
Obopilwe E, Rodner CM, Mazzocca AD. Metacarpal shaft fixation: a
biomechanical comparison of dorsal plating, lag screws, and headless
compression screws. BMC Musculoskelet Disord. 2021;22(1):1–8.
28. Chiu Y-C, Ho T-Y, Ting Y-N, Tsai M-T, Huang H-L, Hsu C-E, Hsu J-T. Effect
of oblique headless compression screw fixation for metacarpal shaft
fracture: a biomechanical in vitro study. BMC Musculoskelet Disord.
2021;22(1):1–8.
29. Chen J-C, Lin K-P, Lee T-C, Fu Y-C, Lin K-J. Biomechanical evaluation of a
fin-type implant compared to traditional buttress plate for the stabiliza‑
tion of the posteromedial fragment in tibial plateau split fractures. J Med
Biol Eng. 2021;41(5):742–9.
30. Elfar J, Stanbury S, Menorca RMG, Reed JD. Composite bone models in
orthopaedic surgery research and education. J Am Acad Orthop Surg.
2014;22(2):111.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

