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Abstract

Check for

Phalangeal and metacarpal fractures are the second and third most common upper extremity fractures after distal radius
fractures with varying methods of fixation techniques. Intramedullary screw fixation is an increasingly preferred method
of fixation. Benefits include early range of motion, faster recovery, limited dissection, and limited complications. Improper
technique, which is readily avoidable, can lead to suboptimal results. This paper aims to summarize the biomechanics of
intramedullary screw fixation and outline appropriate technique of placing headless compression screws for metacarpal
and phalangeal fractures. We discuss indications, preoperative workup, technical pearls and pitfalls to encourage
surgeons to add this technique to their arma mentarium and improve outcomes.
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Introduction

Phalangeal and metacarpal fractures are the second and
third most common upper extremity fractures after distal ra-
dius, respectively [1-4]. For unstable fractures of the proximal
phalanx and metacarpal, no method of fixation has been de-
termined to be superior to another. Plate fixation is able to
provide reduction and stability for early range of motion with
mixed clinical results [5-7]. Reported complications requiring
surgical intervention include stiffness, proximal interphalan-
geal joint (PIPJ) fixed flexion contracture, and extensor lag
[5,6]. There are minimally invasive techniques including the
use of k-wires, lag screws, cerclage wiring, external fixation
that limit soft tissue dissection. These options have drawback
of malunion, nonunion, infection, hard ware removal and
stiffness [8-10].

Intramedullary screw fixation (IMF) is an emerging alter-
native to k-wire or plate fixation in treating displaced and un-
stable phalangeal and metacarpal fractures. The goal of re-
construction is to provide rigid fixation that can support near
immediate range of motion. This prevents stiffness, shortens
recovery, allows earlier return to work with minimal compli-
cation, ease of fixation, and limited dissection. IMF is a phys-
iologic option that offers rigid stability, early active range of
motion, and simplicity of insertion. Pinal, et al. Demonstrate

complete fracture healing in 69 patients, mean total active
motion of 247 degrees and full return to activity at an average
of 76 days [11]. The purpose of this paper is to review inter-
medullary screw fixation of metacarpal and phalanx fractures
while elucidating the pearls and pitfalls to maximize success-
ful surgical outcomes.

Biomechanical Properties

IMF biomechanical properties are well described in or-
thopedic literature as load-sharing devices [12]. Initially, the
majority of load and anatomic alignment across fracture is
supported by the screw, but as the fracture heals, the load
is transfer red to the bone. Two forces that need to be ad-
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equately addressed are bending and torsional forces during
MCP or PIP joint flexion. In biomechanical studies, the surface
area of bone resisting bending is a function of using a screw
wide enough to engage the intramedullary cortical bone with
good purchase, while avoiding blow out, and utilizing the
longest allowable screw length on each side of the fracture.
As the width of the nail increases, there is more bone-to-nail
friction, thereby, making the fixation more resistive to both
bending and torsional forces [13].

Metacarpal and phalanx fractures have low rates of non-
union regardless of fixation technique [14-18]. Although most
intramedullary screw fixation devices rely on variable pitch
threads to achieve compression, in these types of fractures,
compression is not mandatory for success ful healing. This is
in stark contrast to scaphoid fractures that rely on compres-
sion of the fracture site for optimal healing [19]. Fixation can
be achieved with a variety of screw designs-variable pitch ful-
ly threaded, variable pitch partially threaded, consistent pitch
fully threaded. There is some evidence to indicate a consis-
tent pitch that avoids compression may allow fractures which
otherwise tend to be over-compressed to be more reliably
treated (e.g., long oblique or comminuted fractures of the
metacarpal).

Indications

This technique is ideal for patients needing swift return
to activity with minimal to no need for splinting. Although
occupational therapy is always recommended for patients
undergoing fracture fixation, this fixation method is strong
enough to support early range of motion in patients who may
be reticent or unable to attend hand therapy; there by, pro-
viding them an opportunity to avoid the stiffness that may
be associated with more traditional methods of fixation,
namely K-wires. In patients at high risk of loss to follow-up
or non-compliance, this technique prevents prolonged K-wire
fixation, potential tract infection, and self-removal of wires.

In general, IM fixation is indicated in metacarpal and pha-
lanx fractures that are displaced and unstable. In metacarpal
shaft fractures, transverse and short oblique patterns (< 2
times the shaft diameter) are reasonable indications. The sur-
geon must note the potential for minimal fracture segment
displacement with the compressive mechanism of compres-
sion screws, albe it generally irrelevant from a clinical stand
point. Other indications include those situations where early
ROM is advisable and potentially mandatory, multiple meta-
carpal shaft fractures, open fracture with severe soft tissue
injury, and osteotomies.

Absolute/Relative Contraindications

Due to the compressive mechanism associated with com-
pression screws, long oblique fractures (> 2 times the shaft
diameter) are at risk of fracture displacement and shortening.
Comminuted fractures are also at risk for shortening and over
compression when treated with IM compression screws, and
a number of complex configurations (e.g. fragment lag screw)
have been developed to countermand this issue [11]. These
relative contraindications can be potentially countermanded
by use of non-variable pitch screws since there is no compres-

Table 1: HCS diameter general recommendations.

Index and Middle Metacarpal 3.5-4.0 mm
Ring Metacarpal 2.5-3.0 mm
Small Metacarpal 3.5-4.5 mm
Proximal phalanx 2.5-3.0 mm

sive or shortening mechanism [19,20]. Metacarpal fractures
of the proximal 1/3 make passing distal screw thread past
fracture difficult. However, Hoang, et al. describe using an an-
terograde approach to fixate these fractures [21].

Head-splitting fractures are avoided due to risk in wors-
ening fracture with placement of screw. Lastly, infection and
fractures in children with open physis is an absolute contrain-
dication to IM fixation [11].

Preoperative Planning

Standard history and physical should include handedness,
occupation, physical exam including rotation and shortening,
and chronicity of fracture. Radiograph evaluation is import-
ant to note comminution, location of fracture, and fracture
pattern (transverse, short oblique, long oblique, and butterfly
segments).

The full width of the bone and the narrowest width of
medullary canal isthmus should be measured. The surgeon
should be mindful that each metacarpal has consistent differ-
ences in width, as the ring finger has the narrowest isthmus at
average of 2.6 mm and small finger largest at 3.6 mm [22,23].
The narrowest canal width in metacarpal bones should be
measured in the PA view and narrowest canal width of the
phalanx is measured on the lateral radiograph. The width of
the narrowest part of the isthmus is the most important fac-
tor to guide the choice of the appropriately sized screw to en-
sure contact between screw and bone without causing blow-
out. General guidelines are outlined below with preference
for wider diameter screw after canal reaming, understanding
that outliers exist both smaller and larger (Table 1).

Operative Technique for Metacarpal Fractures

Retrograde placement (Figure 1)

The operation is performed under regional block with se-
dation, under general anesthesia, or using wide awake local
anesthetic no tourniquet techniques. After prep, attempts at
closed reduction under fluoroscopy are performed. If rapid
reduction cannot be obtained in a closed manner, then an
open reduction is performed. A 1.5 cm transverse incision is
made dorsally over the metacarpal head and neck with #15
blades. Dissection is carried to the extensor apparatus and
the extensor tendon split longitudinally, exposing metacarpal
head. Truly percutaneous considerations are addressed be-
low. Prior to driving the guide wire, the appropriately sized
screw is overlaid over the bone and fluoroscopy is used to
confirm appropriate sizing. This includes the appropriate
width and length. Then, the appropriate guide wire is selected
and driven into the dorsal 1/3 of metacarpal head and drilled
retrograde to level of fracture with help of c-arm. The frac-
ture is then reduced, confirmed under fluoroscopy and the
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Figure 1a: 5*" metacarpal transverse shaft fracture.

Figure 1b: Immediate post-op after 3.5 mm headless compression screw.

K-wire is driven across the fracture site to base of metacarpal.
The flexion cascade is evaluated, and time is spent in assuring
the absence of malrotation. Measurements of the K-wire are
performed and 4-6 mm are generally subtracted to get final
screw length (for partially threaded screws, measurements
must accommodate for the distal threads to be placed past
the fracture line). The K-wire is then advanced through the
carpometacarpal joint to avoid inadvertent removal when
reaming over the wire. The metacarpal is drilled just past the
fracture site while ensure the narrowest part of the canal is
reamed in order to accommodate the screw threads. In order
to prevent rotational deformity during screw placement, the
fingers are all flexed into the palm to set the appropriate flex-

ion cascade and prevent malrotation. The screw is then hand
driven with the fingers flexed.

The screw should engage the canal with good purchase as
the threads of the screw engage the intramedullary cortical
bone and should be buried ideally just beneath the subchon-
dral bone. The surgeon should confirm screw placement un-
der fluoroscopy and again check for malrotation. The guide-
wire is then removed. Extensor tendon and skin are closed. A
bulky soft dressing is placed immediately post-operative and
removed between 3-5 day for early ranges of motion to be-
gin. There is no need for rigid immobilization if good purchase
is achieved.
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The patient is expected to reach full ROM by 4 weeks, start
strengthening and progressively heavier activities 4-8 weeks.
Unlimited unrestricted usage is recommended by 8 weeks.

Operative Technique for Phalangeal Fractures

Proximal phalanx anterograde intra-articular
placement (Figure 2)

The operation is performed under regional block with se-
dation, under general anesthesia, or using wide awake local
anesthetic no tourniquet techniques. Attempts at closed re-
duction under fluoroscopy are performed. If rapid reduction
cannot be obtained in a closed manner, then a limited open
reduction is performed.

The narrowest portion of the intra-medullary canal helps

determine the size of the screw. Both trans-articular and in-
tra-articular approaches have been described, with our pref-
erence for single screw with intra-articular placement [24]. Of
note, the uses of two anterograde screws have been shown
as a viable option for proximal phalanx fracture fixation. In a
limited series, two screws showed improved rotational stabil-
ity compared to single screw [25].

After closed reduction under fluoroscopy, a small trans-
verse incision of no more than 0.5 cm in length is made over
the metacarpophalangeal (MP) joint, which is then flexed 60°
to 75° while the proximal end of the phalanx is translated
dorsally to expose articular surface of proximal phalanx base.
Prior to driving the guide wire, the appropriately sized screw
is overlaid over the bone and fluoroscopy is used to confirm
appropriate sizing. This includes the appropriate width and

Es

Figure 2b: Intraoperative anterograde placement of 2.5 mm headless compression screw, sparing extensor tendons.
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Figure 2c: 5-month post op with routine healing.
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length. Under fluoroscopic control, insert the appropriate
guidewire dorsally through the flexed MCP joint into the cen-
ter of the proximal phalanx base in the longitudinal axis. Ad-
vance the wire into distal cortex to avoid inadvertent removal
of wire during reaming. Drill the phalanx just past the fracture
site. In order to ensure an absence of rotational deformity
during screw placement, flex all fingers into the palm to set
the appropriate flexion cascade and prevent malrotation. A
2.5-3.0 mm screw is then hand driven under direct visualiza-
tion with the fingers flexed. Patients are placed into a soft
dressing if stable fixation is achieved and to start hand thera-
py within 3-5 days.

Complications, Pearls and Pitfalls

Concern for articular cartilage disruption

Several studies have looked at the size of articular de-
fects from placement of intramedullary screws. Ten Berg
performed 3-dimensional CT quantitative analysis looking

at retrograde 2.4 mm and 3.0 mm HCS fixation of meta-
carpal fractures to determine the extent of articular carti-
lage violation in 32 metacarpals [26]. They compared the
metacarpal head articular and screw insertion hole surface
area. The screw articular defect over the dorsal central as-
pect of the joint surface makes contact with only the base
of the proximal phalanx during joint hyperextension due
to the intrinsic shape of MC head and dorsal entry point
of HCS. The phalangeal base does not engage the entry
site for 95-96% of the 120-degree sagittal arc. This data
demonstrates that the screw surface defect that contacts
the proximal phalanx base in range of motion is minimal.
Furthermore, headless compression screw is the gold stan-
dard for treating scaphoid fractures, a bone that has 80%
articular surface [27]. Although there is no literature ana-
lyzing scaphoid articular defect, screws are placed without
concern for cartilage violation. Overall, the concern for ar-
ticular cartilaginous disruption appears to be largely the-
oretical.

Figure 3c: Bent screw requiring removal.
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Percutaneous placement

Considerations can be given to a true percutaneous tech-
nique when taking into consideration the potential for injury
to the extensor mechanism. Urbanschitz, et al. demonstrat-
ed an avoidance of extensor tendon injury with open tech-
nique when compared to percutaneous in both metacarpal
and phalangeal fractures [28]. Upon dissection analysis of
tendon, there was significant less damage in open technique
(p < 0.001) due to direct tendon visualization and protection.
The authors also found higher incidence of tendon injury in
phalanges compared to metacarpal percutaneous technique
regardless of anterograde or retrograde. However, it is criti-
cal to note that ALL recorded tendon injuries were less than
50% of the entirety of the tendon. As classic teaching follows
that no acute surgical treatment is indicated in extensor ten-
don injuries less than 50% tendon diameter [29], the dam-
age to the extensor tendon during percutaneous techniques
may not actually be clinically relevant. To determine wheth-
er open or percutaneous technique is superior in outcomes,
further clinical comparison is needed. In-vitro studies have
shown that extensor tendon rupture after drill injury is rare
and even lacerations of up to 75% may not fail under physio-
logical load [30].

Respect the canal and reaming

The authors want to emphasize the importance of proper
sizing the screw to the canal isthmus diameter through the
use of preoperative imaging as described above. An oversized
screw combined with reaming may risk a blow-out fracture
upon screw insertion. Furthermore, placing a screw that is
wider than the canal without reaming can lead to disastrous
outcomes including bending or breakage of the screw (Figure
3). Especially in young patients, the cortical bone is too firm
for self-tapping screws to pass without reaming. An under-
sized screw does not follow the appropriate biomechanical
properties and will not engage inner cortex for maximal sta-
bility-there fore, the fracture will not be rigidly fixated. If it is
difficult to pass a K-wire for the chosen screw width due to
the narrowness of the canal, a K-wire one size down can be
placed and the bone can be reamed with the appropriate size
drill bit followed by upsizing the K-wire and the drill bit to the
chosen screw width.

Multiple fractures (Figure 4)

We present a demonstrative case to document the clear
utility of intramedullary screws in multiple fractures in order
to demonstrate the excellent range of motion that can be

compression screws.

Figure 4b: Placement of 3.0 mm (small and ring finger), 3.5 mm (middle finger), and 2.5 mm (index proximal phalanx) headless

Figure 4c: 6-month post op with routine healing.
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Table 2: Advantages and Disadvantages of HCS.

Advantages
® |mmediate range of motion with excellent stability

®  Limit dissection that could cause tendon irritation and
scarring

® Performed quickly and reliably

®  (Cost effective

®  Limit visible incisional scarring

® Limit reliance on unreliable patients

®  |Less skewering of bone, more stability than K-wires
®  No pin tract infection

®  No hardware removal

achieved in high energy trauma. Multiple fractures lead to sig-
nificant swelling and significant stiffness, which often lead to
major limitations in range of motion. This is an excellent indi-
cation for this technique because patients can engage in ear-
ly active motion for better and faster return to preoperative
range of motion. IMF technique can be effectively performed
in 15-20 minutes for each bone and the proposed technique
can limit both operative time as well as periosteal stripping
and soft tissue dissection associated with plate fixation. This
thereby minimizes the chances of soft tissue adhesions, rate
of tenolysis, permanent swelling, scarring and stiffness. Fur-
ther more, the technique allows for near immediate range of
motion even in the face of multiple fractures due to the sta-
bility provided by the construct.

Anterograde vs. retrograde for phalanx

Intermedullary screws for proximal phalanx fixation has
been described with both anterograde through metacar-
pophalangeal joint and retrograde approaches through the
proximal interphalangeal joint [31,32]. The retrograde tech-
nique is technically less demanding but a larger relative area
of the distal joint surface of the proximal phalanx is violated
in comparison with the antegrade technique. The mean head
of proximal phalanx articular surface defects were 13% to
18% for a 2.5 mm screw, and 19% to 25% for a 3.0 mm screw,
estimated from computed tomographic scans of healthy fin-
gers [11]. Further more, the central slip of the extensor mech-
anism may be compromised by this retrograde technique
[26,31,33]. We prefer the anterograde approach whenever
possible as violation of the proximal interphalangeal joint in
our anecdotal experience does appear to confer diminished
outcomes in terms of range of motion.

Flexion of fingers into palm during screw place-
ment

To prevent easy malrotation as screw engages strong cortical
bone within canal, keep the fingers flexed into palm to tighten
intermetacarpal ligaments and set appropriate cascade.

Discussion

IMF is emerging as a popular method of fixating metacar-

Disadvantages
® |ncrease cost vs. pins, less than plates
®  Potential canal-screw mismatch
®  Technique learning curve

®  Theoretical concern of articular cartilage violation

pal and phalangeal fractures. The advantages and disadvan-
tages of this technique are outlined in (Table 2). A meta-anal-
ysis by Beck, et al. Examined 169 metacarpal and reported no
major complications, 100% union rate, and full composite fist
range of motion with average follow-up time of 11 months
[33]. The major advantage of IMF over other techniquesis
faster recovery to daily living and work-related activities; fur-
thermore, it leads to lower operative time, costs, soft tissue
trauma, periosteal stripping, and extensor tendon complica-
tions than plating.

Advantages over k-wire fixation include a significantly low-
er rate of stiffness stemming from the benefits of early range
of motion and limited immobilization. The complications rates
for IMF are much lowerwhen compared to K-wire fixation,
which range from 15-18% including pin tract infection (7%),
pin loosening or migration (5%), and nonunion (4%) [8,9].

Multiple studies demonstrate plates to have higher break-
ing strength than HCS [24,34,35]. Melamed, et al. found an
average load of failure in 2.4 mm IM screw of 75+ 20 N in hu-
man cadaveric bone models [36]. This is compared to an aver-
age load of failure of over 350 N in plate constructs. But, it is
important to note that testing was done with a 4-point bend-
ing apparatus that in no way simulates the stress incurred
during true in vivo physiologic loads. (Of note, the average
bending moment during metacarpophalangeal joint flexion
has been reported to be 0.35 Nm [37]) Plates and screws may
allow superior strength in vitro but have higher rates of com-
plications and higher costs in vivo without clear benefit over
IMF. Fusetti, et al. reported complications including stiffness,
delayed healing, plate loosening or breakage, complex re-
gional pain syndrome, and deep infection in 35% of patients
[38]. Page and Stern found a similar major complication rate
of 36% in 105 metacarpal and/or phalangeal fractures fixat-
ed with plates. IMF allow for early mobilization while also
avoiding the multiple planes of dissection, soft tissue scarring,
periosteal stripping, and soft tissue swelling that is associated
with plate and screw fixation.

Summary

IM screw fixation is a powerful option for metacarpal and
phalanx fixation that allows rigid stability enabling early re-
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turn of function with excellent rates of union and total active
motion. With knowledge of technical pearls presented in this
paper, common mistakes can be avoided to improve efficien-
cy of screw placement and optimize patient outcomes.
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