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Abstract

Background: Indicated surgical management of metacarpal neck fractures varies with 

techniques including Kirschner wires, plate fixation, intramedullary fixation, and headless 

compression screws without a demonstrated superiority. This study compares intramedullary 

threaded nail fixation (ITN) to a locking plate construct.

Methods: Index through small finger metacarpals were harvested from ten embalmed cadavers. 

After appropriate exclusion criteria, remaining metacarpals underwent neck fracture creation via 

three-point load to failure. Eight samples were randomly allocated to fixation with ITN fixation 

and six were stabilized with a 2.3mm seven-hole locking plate. Samples were then subjected 

to a second round of biomechanical testing using the same apparatus. Ultimate load between 

intact tissue and subsequently stabilized fracture was analyzed with a paired t-test. Percent change 

in ultimate load in intact tissue and stabilized tissue was calculated and magnitude of relative 

difference between the two groups was analyzed via unpaired t-tests. Statistical difference was 

defined by a p-value of p<0.05.

Results: Both groups demonstrated ability to handle a biomechanical load however both were 

significantly weaker than intact tissue (paired t-test p ITN-fixed vs. p ITN-intact = 0.006; p 
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plate-fixed vs. p plate-intact = 0.002). ITN samples demonstrated a higher load to failure (unpaired 

t-test p ITN-fixed vs. p plate-fixed = 0.039) (Figure 6).

Summary: ITN provides a biomechanically stronger fixation constructed for vertically oriented 

metacarpal neck fractures compared to locking plate fixation. Both ITN and locking plate 

constructs provide stabilization capable of tolerating a biomechanical load; however, both fixation 

modalities are weaker than native tissue.

Introduction

Metacarpal fractures account for 10–40% of all hand fractures1,2 Metacarpal neck fractures 

represent a specific subset of metacarpal fractures with a reported incidence of 130.3 per 

100,000.3 Their treatment lacks a consensus for management.3,4 Treatment algorithms vary 

widely; angulation alone as a guide has a wide range of reported tolerances. Classically, 

angular tolerance varies by involved metacarpal with up to 15 degree accepted for index 

and long fingers, 40 degree for ring fingers and 60 degrees for small fingers.5 Regarding 

the fifth metacarpal specifically, Hunter et al. reported their series of fifth metacarpal neck 

fractures in 1970 accepting up to 70 degree of angulation in the metacarpal neck save for 

any rotational mal-alignment.6 Furthermore, functional management was found to be an 

amenable treatment with possible benefits in return of grip strength and return to work.7

As a result of the typical load applied, the volar surface of the metacarpal sustains 

comminution and the fracture angulates in an apex dorsal direction.5 Generally accepted 

indications for operative treatment include rotational malalignment, open fractures, 

angulation greater than accepted norms for the individual metacarpal and concomitant 

or multiple neck fractures. Operative intervention hopes to preclude a prominent dorsal 

deformity, prominence of the metacarpal head in the volar palm, decreased grip strength and 

pseudoclawing.8,9

Numerous fixation techniques are reported in the literature, including Kirschner wire 

fixation, plate fixation, intramedullary nails and headless compression screws, yet 

complication rates can be as high as 36% after surgical management.10–12 In response to 

high rates of complication, alternative surgical techniques and implants have been sought, 

including the recently designed intramedullary threaded nail (ITN). Indications for ITN 

follow the previously described indications for operative intervention.13 Recently, Patel 

et al compared ITN to percutaneously placed Kirschner wire fixation and demonstrated 

biomechanical superiority of the ITN construct.14 Historically, biomechanical studies 

showed added strength with locking plate fixation, when compared to Kirschner-wire 

fixation or headless compression screws.15 This study aimed to determine the biomechanical 

stability of the newly designed ITN in the fixation of metacarpal neck fractures and to 

compare them to the stability of a locking plate and screw construct. Our hypothesis was that 

the locking plates would be biomechanically superior to ITN.
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Materials and Methods

Tissue collection.

Index through small finger metacarpals were isolated from ten embalmed human cadavers. 

Of the eighty metacarpals available, seventy-three were successfully collected and seven 

were discarded due to evidence of prior fracture, callus formation, or creation of a fracture 

during the dissection and collection process. Forty-eight of the seventy-three harvested 

metacarpals were subsequently discarded due to failing to pass our exclusion criteria, 

which included evidence of prior osseous defects or poor cortical bone quality indicative 

of osteoporosis. Cortical bone quality was subjectively classified based off the translucency 

of the metacarpals. Some metacarpals, particularly small finger and ring metacarpals were 

smaller than 4.0 millimeters in diameter in the diaphysis. These could not be included in the 

study as this would not allow for appropriate passage of the intramedullary nail.

Metacarpal neck fracture creation.

After these exclusions, twenty-five metacarpals remained and underwent fracture creation 

via three-point load to failure from a previously accepted fracture model.16 Fractures were 

created at the metacarpal necks using a custom apparatus and a mechanical testing system 

(Tinius Olsen H5KS, 5000 N load cell and Horizon software) at a loading rate of 10 

mm/min until overt failure (Figure 1 and Supplemental Image 1). Creation of these fracture 

patterns using the mechanical testing system occurred without difficulty. The ultimate load, 

defined as the maximum load in Newtons sustained by the tissue prior to fracture, was 

recorded during testing. Samples were examined after fracture to evaluate the quality of the 

fracture created; eleven of the twenty-five fractured metacarpals were discarded at this stage 

due to the presence of improper fracture morphology (e.g., comminuted or oblique rather 

than transverse fractures, or fractures extending beyond the metacarpal neck). This left 14 

metacarpals with uniform neck fractures to be allocated to the nail or the plate fixation arm 

of the study.

Fracture fixation and biomechanical testing.

Fracture fixation was performed by surgeons with prior surgical experience of using both 

the intramedullary nail as well as the locking plate and screw construct. Eight metacarpals 

were randomly allocated to undergo fracture fixation with ITN. Metacarpals were reduced 

and stabilized with an ExsoMed INnate intramedullary nail. Technique began with anatomic 

reduction of the fractures, after which a guidewire was inserted in a retrograde manner from 

the metacarpal head to the proximal portion. A drill was then reamed over the wire to allow 

passage of the nail and nail length was then determined using a radiographic guide. Based 

on the guide measurements, nails were selected from a range of lengths in 5mm increments 

(25mm-75mm) to ensure intramedullary placement of the implant head. Upon appropriate 

length selection, nails were subsequently inserted to adequate depth in standard fashion17 

(Figure 2, Figure 3, and Supplemental Image 2).

The remaining six metacarpals underwent plate and screw fixation with a 2.3mm 7-hole 

locking plate. Fractures were first reduced with pointed reduction clamps and then plates 

were placed dorsally and secured with five locking screws. While metacarpal allocation 
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between the study groups was random, the number of available devices in the locking plate 

group was limited to six constructs, thus only six metacarpals were able to be placed in this 

study arm compared to the eight in the ITN group (Figures 4 and 5).

Surgical fixation in both groups were performed without any significant difficulty. 

Metacarpals stabilized with either nail or plate were then subjected to a second round of 

biomechanical testing using the same system, apparatus, and settings as initially performed 

on the intact tissue. The ultimate load for each fracture-stabilized metacarpal, defined as 

re-creation of the fracture, was recorded during testing.

Statistical analysis:

The ultimate load between the intact tissue and the subsequently stabilized fracture for each 

metacarpal sample was compared with a paired t-test, evaluating the strength of the repaired 

fractures as compared to the native (intact) tissue for both the ITN and plate-stabilized 

groups. In addition, the percent change in ultimate load between the fixed fractures as 

compared to the initially intact tissue was calculated for each sample, and the magnitude 

of this relative difference was compared between the ITN and plate stabilized groups via 

unpaired t-tests. A p-value of p<0.05 was considered to be statistically significant. Available 

sample sizes were underpowered to adequately assess the impact of “digit” (e.g., index 

finger, ring finger) on experimental outcomes.

Results

Both the ITN-fixed and plate-fixed constructs, while capable of supporting a biomechanical 

load, were significantly weaker than intact tissue as revealed by paired t-tests (paired t-test 

p ITN-fixed vs. p ITN-intact = 0.006; p plate-fixed vs. p plate-intact = 0.002). Comparison of the 

load to failure between the ITN and plate-fixed groups revealed that the ITN-fixed samples 

demonstrated higher load to failure (unpaired t-test p ITN-fixed vs. p plate-fixed = 0.039) 

(Figure 6). This suggests that the ITN fixation created a repaired bone construct that was 

closer in its mechanical strength to the native, intact tissue than those that had been fixed 

with a plate.

Discussion

The current study evaluated the biomechanical performance of ITN compared to a dorsal 

plate fixation construct in a cadaveric metacarpal neck fracture model. Our hypothesis that 

locking plates would be biomechanically stronger and provide superior fixation stability was 

not supported by our results. While both the ITN-stabilized and plate-stabilized constructs 

were mechanically inferior when compared to intact tissue, the ITN construct was found to 

be stronger and more closely mimic the strength of intact tissue as compared to the locking 

plate model. The average load to failure of the locking plate group was 140.2N, whereas the 

ITN construct averaged 335.9N at load failure.

ITN fixation offers a less invasive option compared to plate fixation techniques. Previous 

studies have highlighted complications in patients undergoing plate fixation for metacarpal 

fractures, including decreased range of motion, site infection, device failure, stiffness, 
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nonunion, delayed wound healing, and additional surgery for device removal.10–12 The 

clinical relevance of less invasive procedures for metacarpal neck fractures has been 

previously addressed by Ruchelsman et al, showing increased range of motion, improved 

grip strength, and decreased need for secondary surgeries with headless compression screw 

fixation.18 Our goal in performing this study was to determine the strength of ITN fixation 

while also investigating the potential advantages of this less invasive procedure and the need 

for further studies into such fixations.

Many factors are involved in determining the ideal fixation method of metacarpal fractures 

including the fracture location, relative degree of stability and/or comminution, and the 

amount of soft tissue involvement impacting adequate fracture coverage. In our study, 

the transverse neck fracture model simulated simple metacarpal neck fractures without 

comminution. Although our findings indicate that ITN fixation is biomechanically superior 

to dorsal plating of transverse metacarpal neck fractures, it is unclear how an ITN construct 

would perform biomechanically in the fixation of metacarpal shaft fractures or in the setting 

of different metacarpal neck fracture patterns including those that are oblique, spiral, or 

comminuted. An assessment of the biomechanical performance of ITN for the fixation of 

these fracture patterns was beyond the scope of our study.

Despite the results of this study, the locking plate remains a viable construct for metacarpal 

fractures.19 Familiarity and comfort with plate and screw procedures is a benefit for many 

surgeons. In addition, the dissection involved in plate and screw constructs allows for direct 

fracture visualization and reduction which has been shown to lead to a decreased risk of 

limb shortening and rotational deformity compared to other fixation methods.19 Another 

main benefit of plates and screws is the early mobilization and return to function allowed 

which has been correlated with greater patient satisfaction after surgery.20–22 This early 

return to activities is further supported by literature in athletes, as Etier et al cites a return to 

football at an average of 6.3 days following plate and screw fixation.23

There were several limitations to this study. Data relating to the age and prior bone health of 

cadaveric donors were not available for this study, leading to possible variance in bone 

density and tensile strength among specimens. However, this limitation was addressed 

through our experimental design, with randomized group assignments and biomechanical 

strength assessment longitudinally within each sample using paired t-testing. Due to the 

cadaveric nature of the study, the contributions of local soft tissue stability were negated, 

as bone samples were cleaned of soft tissues prior to fracture creation and instrumentation. 

To best compare the efficacy of the two fracture fixation methods, we chose to utilize 

monotonic testing, where the ultimate load of the intact tissue (assessed by a single load-

to-failure test) could be directly compared to the ultimate load of the repaired constructs. 

While beyond the scope of the current study, in future work, it would be interesting to 

assess whether the fatigue performance of the metacarpals, both before and after creation 

of a fracture, would be similarly affected. Similarly, while we were unable to assess the 

impact of clinically relevant torsional loading, this may also be assessed in future studies. 

Furthermore, low numbers of testable specimens, which impacted statistical power, also 

remains a limitation to this study. However, despite the lower numbers of subjects, our 
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results show statistical significance in strength with fracture fixation of the ITN as compared 

to plate fixation approaches.

Based on our results, we conclude that ITN fixation of metacarpal neck fractures may 

offer a more stable and biomechanically superior fixation than dorsal plating. However, the 

biomechanical stability of ITN fixation for metacarpal shaft fractures and comminuted or 

oblique fracture patterns is still unknown. Future studies, focusing on both biomechanical 

aspects and long-term clinical outcomes, are needed to assess ITN fixation for metacarpal 

shaft fractures as well as metacarpal neck fractures with oblique and comminuted patterns.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Radiographic depiction of induced metacarpal neck fracture (Kubtec Parameter)
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Figure 2: 
Posterior-anterior view of ITN construct (Kubtec Parameter)
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Figure 3: 
Lateral view of ITN construct (Kubtec Parameter)
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Figure 4: 
Dorsal view of plate fixation
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Figure 5: 
Lateral view of plate fixation
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Figure 6: 
Comparison of change in ultimate load (vs. intact tissue) for each mode of fracture fixation. 

ITN: Intramedullary threaded nail.
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