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Results

Background 

• In the US, the second most common type of upper extremity injuries 
are phalangeal and metacarpal fractures.1

• Dorsal plating is the most preferred method of metacarpal fracture 
fixation.2

• AO foundation recommends a total of 6 bicortical screws proximal and 
distal to the fracture.3

• However, size limitations and surrounding soft tissues of metacarpals 
make placement of 6 screws very challenging. 4

• Strategic placement screws can provide comparable fixation strength, 
but it is unknown how fixation strength compares across different 
screw quantities with the same plate and screw type 4, 5

Purpose

• To determine the structural properties of non-locking dorsal plate 
fixation with 4-screw versus 6-screw bicortical constructs. 

• A transverse midshaft fracture was created in fourth-generation 
composite biomechanical testing grade third metacarpal sawbones 
(Sawbones Model 3416; Pacific Research Laboratories, Vashon, WA, 
USA).

• Metacarpals were potted using Bondo (3M, Minneapolis, MN, USA), 
into custom clamps for cantilever-bending (Instron Model 5960, 
Norwood, MA, USA). (Figure 1).

• Dorsal plating: nonlocking bicortical screws were placed in 6-hole plate 
Depuy Synthes; all screws were placed in the plate holes closest to the 
fracture site. (Figure 2)

Testing Protocol
• Preloading: 20 mm/min, 1N
• Preconditioning: 1-10N for 10 cycles at 20 mm/min.
• Cyclic loading for 100 cycles:

1) 5-40N to simulate active flexion of the hand with minor
resistance 

2) 5-70N to simulate a strong composite grasp 
3) 5-100N to simulate a firm fingertip pinch 

• Load to Failure: defined by 60% decrease in bending load vs. 
deflection curve

Statistical Analysis
• Group 1: 4-screw construct, Group 2: 6-screw construct
• Outcome Measures: (1) maximum bending load, (2) maximum 

deflection, (3) bending stiffness, (4) maximum deflection for cyclic 
testing, and (5) mode of failure

• Wilcoxon-Rank test used to asses differences between groups 

Figure 2. Model-based tracking technique.

• The modes of failure and magnitude of the outcome measures in 
this study are similar to value reported in the literature.5,6,7

• No significant difference was observed for maximum load, 
maximum deflection, stiffness, or deflection during cyclic loading 
across the two groups.

• Clinical significance: data suggests that neither construct is 
superior  4-screw offers same structure stabilization while 
limiting issues with size constraint and soft tissue damage

• These results have limited generalizability due to homogeneous 
nature of the sawbones in controlled conditions

• Future studies include creating and test more complex models 
representative of different populations (ex. osteoporotic bone) 

Figure 1. Cantilever-bending setup

Figure 3. Examples of the two failure modes observed. Mode I describes failure at the
bone-Bondo interface (Left) and the remaining failed via Mode II, through the most
proximal screw hole (Right). All of the 4-screw constructs failed via Mode I.

Figure 4. An example of the load versus deflection curve (A, blue), where stiffness
was calculated via the line of best fit in the linear region (red). A example plot of the
deflection during cyclic loading is also shown (B).
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Figure 2. 4-screw (A) 
and 6-screw (B) constructs

4-screw

6-screw

A B

Construct Max Load (N) Max Deflection (mm) Stiffness (N/mm)
Median p-value Median            p-value Median               p-value

4-screw 235.86 0.44 4.78                 0.25 40.58                  0.31
6-screw 221.09 3.91 56.80

Construct 40N Deflection 
(mm)

70N Deflection 
(mm)

100N Deflection 
(mm)

Median p-value Median p-value Median p-value

4-screw 1.27 0.28 1.58 0.65 1.77 0.48

6-screw 1.10 1.38 1.61

Table 2. Load to failure testing

A

B

Mode I Mode II

Failure mode 4-screw 6-screw

(n = 7) (n = 7)

Bone-Bondo interface 
(Mode I) 7 5

Through most proximal 
screw hole (Mode II) 0 2

Table 1. Mode of fixation failure 
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