Surgery Article

HAND
2019, Vol. 14(2) 187-192

Headless Screw Fixation of Metacarpal © The Author(s) 2017

Article reuse guidelines:

N ec k F ractu res: A M ec han ical sagepub.com/journals-permissions

DOI: 10.1177/1558944717731859

Comparative Analysis hand.sagepubcom

Christopher M. jones', Eric M. Padegimas', Nicole Weikert?, Samuel Greulich?,
Asif M. llyas', and Sorin Siegler?

Abstract

Background: The purpose of this study was to compare the mechanical properties of metacarpal neck fracture fixation
by headless compression screw (HCS) with that of Kirschner wire (KW) cross-pinning and locking plate (LP) fixation.
Methods: A metacarpal neck fracture was created in 30 fourth-generation composite Sawbones metacarpal models. A
volar-based wedge was removed using a custom jig to simulate a typical apex dorsal fracture, unstable in flexion. The models
were divided into 3 equal groups based on the method of fixation: retrograde cross-pinning with two 1.2-mm KWs, 2.0-
mm dorsal T-plate with six 2.0-mm locking screws (LP), and a 3.0-mm retrograde HCS. Models were fixed at the proximal
end, mounted in a material testing machine, and loaded through a cable tensioned over the metacarpal head, simulating grip
loading. Cyclic loading from 0 to 40 N was performed, followed by loading to failure. Load, displacement, and failure mode
were recorded. Results: Stiffness of the HCS (7.3 £ 0.7 N/m) was significantly greater than the KW (5.8 + 0.5 N/m) but
significantly less than the LP (9.5 £ 1.9 N/m). With cyclic loading to 40 N, the LP exhibited significantly less displacement (0.2
% 1.3 mm) compared with the HCS (2.5 £ 2.3 mm) and KW (2.8 £ 1.0 mm). Load to failure for the HCS (215.5 +3 9.0 N)
was lower than that of the KW (279.7 £ 100.3 N) and of the LP (267.9 + 44.1 N), but these differences were not statistically
significant. Conclusions: The HCS provided mechanical fracture fixation properties comparable with KWV fixation. The LP
construct allowed significantly less displacement and had the highest strength of the 3 fixation methods.

Keywords: metacarpal neck fractures, headless compression screw fixation, mechanical study, K-wire fixation, metacarpal
plating

Introduction fracture reduction followed by percutaneous retrograde
insertion of an HCS across the fracture, countersunk in the
metacarpal head. Given the limited exposure and buried
hardware, this technique may result in fewer complications
such as pin track infection, tendon adhesion, and stiffness.
However, the biomechanical performance of an intramedul-
lary screw relative to other fixation techniques is not known.
Metacarpal neck and shaft fracture fixation with an HCS
was recently studied in vivo with promising functional out-
comes and high union rates at 3-month follow-up.”** In
addition to clinical outcomes, a recent finite element

Metacarpal fractures are common, representing approxi-
mately 40% of all hand fractures with an incidence of 1.5
million annually.*'*?%* Fractures of the metacarpal neck,
in particular, lack consensus for their management.”
When surgery is indicated, options include a variety of
Kirschner wire (KW) constructs including retrograde,
transverse, and bouquet pinning; plate and screws; exter-
nal fixation; and intramedullary nailing. While usually
successful in achieving fracture reduction and union, sur-
gical management is associated with a complication
rate of up to 36%.>''®*' Common complications include
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analysis found minimal functional articular surface viola-
tion by the HCS in metacarpal fractures despite an intra-
articular starting point.”’

The purpose of this study was to develop an accurate
metacarpal neck fracture mechanical model and then evalu-
ate the strength and stiffness of 3 different fixation tech-
niques—intramedullary HCS, K-wire cross-pinning (KW),
and locking plate (LP) fixation.

Materials and Methods

A typical metacarpal neck fracture was created in 30 fourth-
generation composite Sawbones (Pacific Research Labora-
tories, Inc, Vashon, Washington) metacarpal bone models.
These were divided into 3 equal groups according to the
method of fracture fixation utilized: HCS, KW, and LP. To
model a comminuted apex dorsal fracture, unstable in flex-
ion, a wedge of bone was excised at the metadiaphyseal
junction using a microsagittal saw and a 3-dimensionally
printed custom cutting/fixation jig (Figure 1a). The fractures
were then fixed by one of 3 techniques: retrograde bicortical
cross-pinning utilizing 1.1-mm KWs; LP fixation with a 2.0-
mm T-plate, 1.3-mm thick (Medartis, Exton, Pennsylvania),
placed dorsally with six 2.0-mm locking screws; and fixa-
tion with a 3.0-mm retrograde intramedullary HCS (Medar-
tis) (Figure 2). Drill holes for all 3 fixation constructs were
created using the cutting/fixation jig (Figures 1b and 1c) to
ensure that all hardware was identically placed.

Following fracture fixation, the proximal end of each
model was secured to the base of a materials tensile testing
machine (ESM 301 by Testing Machines Inc) through spe-
cially designed grips (Figure 3). A metal cable secured to
the base of the machine was passed over the metacarpal
head, then over a pulley, and secured to a wire grip at the
other end of the tensile testing machine. The metacarpal
was carefully aligned to ensure that, when the slack from
the cable was removed, the cable produced an angle of 85°
as it passed over the metacarpal head. This arrangement was
intended to simulate loading of the metacarpal bone by
flexor and extensor tendon forces produced during grip."
The force applied to the cable and cable displacement were
measured via force and displacement sensors and digitally
recorded. The models were loaded cyclically for 20 cycles
at a rate of 0.5 mm per second with the force in the cable
varying during each cycle from 0 to 40 N. This was done to
simulate grip loading during immediate active motion exer-
cises after fracture fixation.” Following the cyclic loading
phase, a progressive load was applied at a rate of 0.5 mm
per second until failure. From the recorded cable force and
displacement data, the following outcome parameters were
calculated: maximum cable displacement during cyclic
loading, total stiffness defined as the ratio between maxi-
mum force to failure and the corresponding displacement,
force to failure, and displacement at failure. In addition, for
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Figure I. A 3-dimensionally printed custom cutting/fixation

jig used for both creating the fracture (a) and for fixing the
fracture using a 2.0-mm dorsal T-plate with six 2.0-mm locking
screws—LP (b), a 1.2-mm Kirschner wires—KW, and a 3.0-mm
retrograde screw—HCS (c).

each specimen, the mode of failure was recorded. Statistical
analysis consisting of analysis of variance (ANOVA) fol-
lowed by a Bonferroni post hoc test was conducted to deter-
mine the differences, if any, between the 3 methods of
fixation.

Results

The ANOVA analysis showed significant differences
between the 3 fixation methods (HCS, KW, and LP) in
maximum volar displacement, as measured by total cable
excursion, during both cyclic loading (P = .002) and load-
ing to failure (P = .034). The associated Bonferroni post
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Figure 2. Representative models of the fracture fixation constructs: 3.0-mm retrograde screw—HCS (a), |.2-mm Kirschner wires—
KW (b), and 2.0-mm dorsal T-plate with six 2.0-mm locking screws—LP (c).
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Figure 3. Experimental setup for loading the fracture fixation
models. The tensile testing machine (ESM 301 by Testing
Machines Inc) was equipped with special grips to hold and align
the specimen and to load the specimen in flexion through a
cable and pulley system.

hoc analysis indicated that the HCS and KW fixations pro-
duced similar maximum displacements (P > .05). During
cyclic loading, both HCS (P = .01) and KW (P = .003)
produced maximum displacements that were significantly
higher than the LP fixation (Table 1). Also during loading
to failure, both produced maximum displacements higher

than the LP fixation (Table 1), but only the HCS fixation
was significantly different than the LP (P =.03).

The ANOVA analysis showed significant differences in
the total stiffness between the 3 fixation methods (P <.001).
Specifically, the Bonferroni post hoc analysis showed that
the stiffness of the HCS fixation was significantly higher
than that of the KW fixation (P = .019), and both the HCS
fixation and the KW fixation were significantly lower than
the LP fixation (P <.001; Table 1).

There were no statistically significant differences in load
to failure between the 3 fixation methods (P = .06). How-
ever, the average load to failure of the HCS fixation was
lower than both the KW and the LP fixations (Table 1).

All models in the HCS and the KW groups failed by
volar displacement of the distal fracture fragment followed
by fixation failure at the proximal end (Figure 4). All mod-
els in the LP group failed by fracture at their proximal end
with no observable displacement of the simulated fracture,
minimal to no deformation of the T-plate, and no screw
pull-out.

Discussion

Surgical treatment of metacarpal neck fractures has histori-
cally been successful.>'”'®?! A variety of techniques
including KW constructs (retrograde, transverse, and bou-
quet pinning), plate and screws, external fixation, and
intramedullary nailing have high union rates and low fail-
ure rates.””'®2! In addition, biomechanical studies have
found dorsal plating, KW pinning, and intramedullary nail-
ing to have reasonable stability across a metacarpal frac-
ture site with dorsal plating being the most stable.”'®*
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Table I. Initial Stiffness, Displacement With Cyclic Loading, Final Stiffness, Load to Failure, and Displacement at Failure of the HCS,

KW, and LP Models.

Variables tested HCS Kw LP

Displacement after cyclic loading, mm 25%0.1 28+0.5 02+1.0
Stiffness, N/m 7307 58+ 05 95+19
Load to failure, N 2155 £ 39.0 279.7 £ 100.3 267.9 £ 44.1
Displacement to failure, mm 8725 6.6 +28 3602

Note. HCS = headless compression screw; KW = Kirschner wire; LP = locking plate.

Figure 4. View of the models of the fracture fixation constructs after failure: 3.0-mm retrograde screw—HCS (a), 1.2-mm Kirschner
wires—KW (b), and 2.0-mm dorsal T-plate with six 2.0-mm locking screws—LP (c).

While clinically successful and biomechanically sound, the
utility of these strategies is limited by a complication
rate of up to 36%.”''®*! These complications include
infection,”'® tendon injury,”' malunion,” nonunion,*” avas-
cular necrosis,” stiffness,' ' and tendon adhesions.” As a
result of these complications, novel fixation techniques
have been proposed. One concept proposed and analyzed
in the current study is the use of an intramedullary HCS.
HCSs have been used with increasing frequency in hand
surgery. This construct was initially described for scaphoid
fracture fixation,"!" but its use has recently increased to a
number of different injuries including scapholunate liga-
ment tears,” radial and ulnar styloid fractures,” and frac-
tures of the phalanges and metacarpals.” Metacarpal neck
and shaft fracture fixation with an HCS was recently studied

in vivo with promising functional outcomes and high union
rates at 3-month follow-up.>*** Furthermore, HCSs have
been shown to generate greater than 60 N of compression in
previous biomechanical modeling.'* In addition to clinical
and mechanical outcomes, a recent finite element analysis
found minimal functional articular surface violation by the
HCS in metacarpal fractures despite an intra-articular start-
ing point.”” One concern expressed is that of shaft refracture
in 2 out of 20 patients after blunt trauma in prior in vivo
studies.”” While previous analyses show promise for this
construct, the stability of HCS fixation of metacarpal neck
fractures has not been studied.

This study compared the mechanical properties of 2
clinically proven metacarpal neck fracture fixation con-
structs, LP and KW, with an HCS. We aimed to study this
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novel technique of HCS because of the high complication
rates™''®?! in KW and LP constructs reported in prior
studies. We compared the 3 techniques in stiffness, dis-
placement with cyclic loading to 40 N simulating active
range of motion hand therapy exercises, load to failure, and
displacement at failure. The HCS model exhibited similar
mechanical properties to the KW but performed inferiorly
to the LP model. These results are similar to a biomechani-
cal analysis of metacarpal shaft fractures,’ which found
cross-pinning and intramedullary metacarpal nailing had
similar biomechanical stability with dorsal plating having
superior stability.®

The finding of similar mechanical properties between
KW and HCS models is important because KW fixation is
clinically proven but with the disadvantage of having
exposed hardware which predisposes to infection. A recent
analysis of pin track infections in hand and wrist fractures
reported a rate of 7%.%' A study of KW placement tech-
niques found that burying pins reduced infection rates from
34.5% to 7.4% in a randomized control trial."> However,
buried pins come with the medical and financial burden of
a required secondary procedure to remove the pins."”

The results of this study also found mechanical superior-
ity of dorsal plating, similar to a prior mechanical study of
metacarpal shaft fracture fixation.® However, LP fixation
requires a more extensive soft tissue dissection and is asso-
ciated with greater finger stiffness. A prospective compara-
tive study of LP and intramedullary KW fixation in fifth
metacarpal neck fractures found a significantly decreased
range of motion in the LP group.’ In addition, the LP con-
struct is associated with an increased risk of tendon injury.”’

The findings of this study must be viewed in the context
of the strengths and weaknesses of the mechanical testing
models. The biggest strength of our study is that our models
were highly reproducible as we used identical biomaterials
and a hardware placement and cutting jigs. However, as we
used Sawbones (synthetic bone models), the reliability of
our conclusions as they apply to in vitro applications is lim-
ited. In addition, we tested the models only in flexion load-
ing. While this is the most likely mode of failure, lateral
bending and rotational loads could contribute to clinical
displacement and failure. We did not evaluate rotational sta-
bility because rotational malunion of metacarpal neck frac-
tures does not appear to be a true clinical problem. In
addition, there are other surgical techniques for metacarpal
neck fractures such as bouquet intramedullary pinning'®
that were not compared in this mechanical analysis. The
preferred pinning technique regionally has been retrograde
cross-pinning, and therefore, this KW model was utilized.

In conclusion, the HCS model exhibited similar mechan-
ical properties with a simulated grip model compared with
cross-pinning with KWs. The HCS has the benefit of being
internally buried in the bone, thus avoiding pin site compli-
cations and the restrictions pins place on early motion

exercises. While the LP construct was superior in all
mechanical testing, this benefit should be weighed against
the more extensive surgical dissection required and the
potential for tendon adhesions and postoperative stiffness.
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