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Introduction

Metacarpal and phalanx fractures account for 41% of all 
fractures in the hand and forearm.1 Multiple approaches 
have been described for the treatment of displaced and 
unstable fractures.2-4 Displaced metacarpal and phalangeal 
fractures with clinical deformity are commonly treated 
operatively with reduction and stabilization. The techniques 
described in the literature are percutaneous and limited-
open antegrade (ie, bouquet pinning),4-6 retrograde (ie, lon-
gitudinal intramedullary fixation),7 plate fixation,6,8-10 or 
transmetacarpal Kirschner wire (K-wire) pinning.11-13 More 
recently, centers have described the use of limited-open ret-
rograde intramedullary headless screw for the fixation of 
select metacarpal neck and shaft fractures.13-17

There is no consensus on ideal fixation technique for meta-
carpal shaft and neck fractures.2,3,7,8,18 Fixation of these frac-
tures with K-wires offers the advantage of limiting surgical 
dissection, but requires formal postoperative immobilization 
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Abstract
Background: The objective of the study is to evaluate clinical and radiographic outcomes in patients treated with 
limited-open retrograde intramedullary headless screw (IMHS) fixation for metacarpal neck and shaft fractures. Methods: 
Retrospective review of 91 consecutive patients (79 men; 12 women), mean age 28 (range =15-69) years, treated with 
IMHS fixation for acute displaced metacarpal neck (N = 56) and shaft (N = 35) fractures at a single institution. Mean 
follow-up was 10 (range = 1-71, median = 3) months. Preoperative mean magnitude of metacarpal neck angulation was 
48° (range = 0°-90°), and mean shaft angulation was 42° (range = 0°-70°). Active motion was initiated within 5 days 
postoperatively. Clinical outcomes were assessed with digital goniometry, grip strength, and return to full activity. The 
time to radiographic union and radiographic arthrosis was assessed. Results: All 91 patients achieved full functional arc 
of metacarpophalangeal (MCP) motion, and all achieved full active MCP extension or hyperextension. At mean follow-
up of 10 months, postoperative mean MCP joint flexion-extension arc was 88° (range = 55°-110°). Grip strength was 
available for 52 patients and measured 104.1% of the contralateral hand (range = 58%-230%). Radiographic union data 
were available for 86 patients. Seventy-six percent (65/86) achieved radiographic union by the end of week 6 (range = 
2-10 weeks). Early arthrosis was noted in 1 patient at the MCP. There were 3 cases of shaft refracture after recurrent 
blunt trauma, following prior evidence of full osseous union. Conclusions: The IMHS fixation is safe, reliable, and durable 
for metacarpal neck/subcapital, axially stable shaft fractures, and select delayed unions or malunions. It allows for early 
postoperative motion without affecting union rates and obviates immobilization. This technique offers distinct advantages 
over formal open reduction and percutaneous Kirschner wire techniques.
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Table 1.  Metacarpal Neck and Shaft Fractures Angulation Distribution.

Fracture Location Thumb Index Middle Ring Small Total

Neck fractures, n 0 2 2 2 50 56
Mean angulation, deg (range) NA 40 (15-65) 5 (0-10) 49 (45-53) 50 (0-90) 48 (0-90)
Shaft fractures, n 0 1 0 4 30 35
Mean angulation, deg (range) NA 12 NA 38 (30-45) 44 (0-70) 42 (0-70)

and delayed functional rehabilitation.19-21 Open reduction 
with internal fixation (ORIF) aims to achieve rigid internal 
fixation and early postoperative rehabilitation, but complica-
tions are increasingly recognized.5,6,9,10

Limited-open intramedullary headless screw (IMHS) 
fixation of metacarpal fractures represents a hybrid solution 
between K-wire fixation and formal open techniques.15 This 
technique has since been studied in both clinical and ana-
tomical studies.13,17,22 We hypothesized that IMHS fixation 
of metacarpal fractures allows for early mobilization with-
out negatively affecting union rates. Here, we present the 
largest consecutive series of 91 metacarpal neck and shaft 
fractures treated with IMHS fixation with analysis of the 
clinical and radiographic outcomes.

Methods

Following institutional review board approval, a retrospec-
tive review was conducted to identify all consecutive 
patients who underwent IMHS fixation for metacarpal neck 
or shaft fractures. A database was created to record sex, age, 
handedness, fracture location, dorsal/volar angulation, sag-
ittal plane deformity, radiographic characteristics (fracture 
union, metacarpophalangeal [MCP] joint narrowing, arthro-
sis, and chondrolysis), postoperative active digital range of 
motion, grip strength, return to full daily activities, and 
complications.

All patients were treated with an identical surgical pro-
cedure and postoperative protocol. This was previously 
described in detail by Ruchelsman and colleagues in 2014. 
The operation was performed using a small extensor split 
over the MCP joint followed by limited dorsal arthrotomy. 
Closed reduction without disruption of the fracture site was 
confirmed under fluoroscopic guidance, and a 1.1-mm 
K-wire was then inserted under direct visualization through 
the dorsal corridor of the metacarpal head in line with the 
medullary canal to achieve provisional fixation. The dorsal-
central starting point was well visualized following fracture 
reduction, dorsal capsulotomy, and passive MCP joint flex-
ion. The K-wire was then overdrilled and replaced with a 
2.4-mm or 3.0-mm cannulated IMHS (Synthes, Paoli, 
Pennsylvania) based upon preoperative templating of the 
dimensions of the isthmus of the intramedullary canal.

Subchondral intramedullary fixation with isthmal pur-
chase allowed active and active-assisted motion within the 

first postoperative week. A removable hand-based ulnar 
gutter orthosis with the MCP joints in intrinsic plus position 
and the interphalangeal joints free was worn when not per-
forming range of motion exercises until suture removal, and 
then was gradually weaned. With neck comminution, the 
screw was inserted without the compression sleeve. Hand 
strengthening was initiated at clinical union (ie, resolution 
of fracture site tenderness). In all cases, the patient started 
strengthening exercises at 4 weeks postoperatively.

Clinical examination and postoperative measurements 
were performed by the primary surgeons in a nonblinded 
fashion at routine postoperative intervals (ie 2 weeks, 6 
weeks, and 3 months). Active digital range of motion was 
measured with a handheld goniometer. Grip strength was 
measured using a Jamar dynamometer (Asimov Engineer-
ing, Los Angeles, California) on the third setting. Serial 
postoperative radiographs were evaluated for fracture 
union, MCP joint narrowing, arthrosis, and chondrolysis. 
Complications and secondary procedures were cataloged 
based on follow-up visits.

Results

Chart review from 2010 to 2017 identified 91 consecutive 
skeletally mature patients diagnosed and treated surgically 
for closed, displaced fractures of the metacarpal neck (N = 
56) and axially stable shaft fractures (N = 35) with limited-
open retrograde intramedullary headless screw fixation. All 
metacarpal fractures were closed. There were no associated 
neurovascular insults. The cohort included 12 women and 
79 men, with a mean age of 28 (range = 15-69) years. 
Eighty-two patients were right-handed, and the dominant 
hand was injured in 78 (86%) of 91 cases. Eighty-eight per-
cent of fractures occurred in the small finger metacarpal (50 
neck fractures and 30 shaft fractures) (Table 1). Two patients 
had extension of their neck fracture through metacarpal 
head. Seven patients sustained concomitant high-energy 
upper extremity injuries.

Mean metacarpal neck and metacarpal shaft sagittal 
plane deformity are reported in Table 1. Fifty of the 56 neck 
fractures presented with 40° or greater angulation. Six 
patients with metacarpal neck fracture underwent fixation 
for angulation of less than 15°.

Fifty-six patients had greater than 3 months of postop-
erative follow-up, 35 patients were available at 6 months 
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follow-up, and 23 patients were available 1 year after sur-
gery. All 91 patients achieved full composite flexion (pad-
to-distal palmar crease distance = 0 mm), and all achieved 
full functional arc of MCP motion at latest follow-up. Post-
operative mean MCP joint flexion-extension arc was 88° 
(range = 55°-110°). Only 3 patients demonstrated less than 
65° of isolated MCP flexion (range = 55°-60°). Grip 
strength was available for 52 patients and measured 104.1% 
of the contralateral hand (range = 58%-230%). Radio-
graphic union data were available for 86 patients. Seventy-
six percent (65/86) achieved radiographic union by the end 
of week 6 (range = 2-10 weeks). Five patients were lost to 
follow-up prior to radiographic union. Clinical union (ie, 
lack of tenderness at the fracture site) always preceded 
radiographic union. All patients were using their hand with-
out restriction at 6 weeks.

The IMHS was used in 2 select cases for a metacarpal 
shaft delayed union (n = 1) and a nascent metacarpal neck 
malunion (n = 1) following index plate fixation of both 
fractures. Both progressed to complete union following 
IMHS fixation.

At latest follow-up, early arthrosis was noted in 1 patient 
(head split component). There were 3 cases of shaft refrac-
ture after recurrent blunt trauma, following prior evidence 
of full osseous union with the screw in place. In these cases, 
revision was uncomplicated. Formal ORIF was performed 
with plate/screw fixation, and the broken intramedullary 
screw was removed through the fracture site, obviating the 
need to perform MCP arthrotomy.

Discussion

There is no consensus on ideal fixation technique for meta-
carpal neck/shaft or proximal phalanx fractures.2,3,7,8,18 When 
surgery is required, these fractures are commonly fixed with 
either percutaneous K-wire techniques or ORIF.13-17 Tech-
nique selection is predicated upon fracture- and patient-spe-
cific factors in conjunction with surgeon preference. 

Recently, there has been an increasing trend to use of head-
less compression screws for metacarpal fracture fixation 
with promising results at select centers (Table 2).

A 2007 review by Ali et al14 demonstrated that K-wire 
fixation was the most commonly used surgical technique 
for fixation of metacarpal and phalangeal fractures.

Although percutaneous K-wire fixation offers the advan-
tage of limiting surgical dissection, it requires supplemental 
postoperative immobilization.19-21 Prolonged immobiliza-
tion (>4 weeks) may yield suboptimal functional outcomes 
and increase flexor/extension adhesions and articular con-
tractures. In addition, 2 large studies by Stahl and Schwartz23 
and Hsu et al24 found postoperative pin tract infection rates 
of 6% and 5.1%, respectively. Although burying the pin 
may reduce the infection risk,26,27 it may require return to 
the operating room for hardware removal.

ORIF is frequently used for both metacarpal and pha-
lanx fractures.5,6,9,10 However, authors who have specifi-
cally examined the complication rates of these procedures 
have reported less than satisfactory results.5,6,9 Fusetti and 
colleagues5 studied 129 consecutive patients with meta-
carpal fractures fixed with ORIF and found that 35% of 
patients had significant complications. Page and Stern 
examined 105 consecutive metacarpal fractures and found 
that 57% of cases had complications. Given the intimate 
relationship of the dorsal capsule and the extensor hood at 
the distal metacarpal level, periarticular plating of distal 
metacarpal neck and subarticular fractures may create 
extensor adhesions and extension contractures necessitat-
ing secondary removal of hardware, extensor tenolysis 
and extension contracture release.

In an attempt to find a hybrid solution between K-wire 
fixation and open techniques for distal metacarpal fractures 
with limited bone stock, Boulton and colleagues15 in 2010 
reported the utilization of an intramedullary headless screw 
for subarticular metacarpal fracture fixation. This tech-
nique was further evaluated in a 3-dimensional computed 
tomographic (3D-CT) study, which examined the articular 

Table 2.  Comparing the Advantages, Disadvantages, and Available Literature of Currently Available Techniques for Metacarpal 
Fixation.

Fixation 
Approach Advantages Disadvantages Contributing manuscripts

Kirschner 
wire

Limited 
dissection

Delayed postoperative 
mobilization

Pin infection rates: 
5.1%-6%

Ali et al14 (follow-up rate not reported: range not reported)
Stahl and Schwartz23 (follow-up rate not reported: range = 6-52 wk, mean/median 

not reported)
Hsu et al24 (follow-up rate not reported: mean = 11 wk, range = 3-69 wk)

ORIF Early 
mobilization

Significant dissection
Complication rate: 

35%-57%

Fusetti et al5 (follow-up rate = 63%: mean = 54.4 wk, range = 24-108 wk)
Page and Stern6 (follow-up rate = 95%: mean = 26 wk, range = 2-180 wk)

IMHS Early 
mobilization 
Limited 
dissection

Intra-articular 
approach

Long-term data still 
compiled

Boulton et al15 (NA case report)
Ruchelsman et al13 (follow-up rate = 51%: mean = 52 wk, range = 12-132 wk)
del Piñal et al22 (follow-up rate = 100%: mean = 76 wk, range = 20-216 wk)
Doarn et al25 (follow-up rate = 100% in 9 patients: mean = 36 wk, range = 6-57 wk)

Note. ORIF = open reduction with internal fixation; IMHS = intramedullary headless screw.
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ramifications of retrograde headless bone screws for intra-
medullary metacarpal fixation.17 It was found that the intra-
articular screw occupied minimal metacarpal head surface 
area and subchondral head volume, thus representing a 
viable option for fracture fixation.17 A 2014 series by 
Ruchelsman et al13 reported 3-month follow-up data for 20 
patients treated with IMHS and found that all patients 
acheived full active MCP extension or hyperextension at 3 
months. Longer term data published by del Piñal and col-
leagues22 retrospectively reviewed 69 heterogeneous meta-
carpal and phalangeal fractures treated with cannulated 
headless compression screws and reported satisfactory out-
comes at an average follow-up of 19 months. Doarn et al 
presented 10 patients after IMHS fixation. Mean return to 
full active life was 6 weeks, mean radiographic union of 7 
weeks, and symmetric grip strength was obtained with no 
complication. All patients achieved full composite flexion 
and extension.25 In this series, it is possible that mean time 
to radiographic union may appear delayed in some cases, as 
patients without complication did not routinely undergo 
radiographs between weeks 2 and 12.

These data presented here further demonstrate that 
IMHS is a safe, effective, and durable solution for metacar-
pal neck and axially stable shaft fractures. Isthmal purchase 
with headless cannulated screw fixation confers relative 
stability to these fracture patterns and facilitates early post-
operative mobilization and functional rehabilitation.28 
Although this technique requires an intra-articular starting 
point, a 3D-CT analysis study found that metacarpal head 
surface area and subchondral head volume were minimal.17 
A 2017 study by Avery and colleagues29 found that, when 
compared with K-wires, headless compression screws for 
metacarpal neck fractures were biomechanically superior 
in load to failure, 3-point bending, and axial loading. In 
this large series, early functional rehabilitation yielded 
excellent clinical and functional outcomes without loss of 
fixation or nonunion. All patients were using their hand in 
an unrestricted fashion by 6 weeks, which is consistent with 
clinical outcomes report in other series on the averages 
reported in the literature (del Piñal et  al22 = 10.8 weeks; 
Doarn et al25 = 6 weeks).

This large follow-up series confirms our early-term 
clinical, functional, and radiographic outcomes following 
IMHS for metacarpal neck and axially stable shaft frac-
tures. There are distinct advantages to this technique, 
including the opportunity for early functional mobiliza-
tion, avoidance of K-wire site morbidity, and the ability to 
avoid soft tissue and periosteal morbidity associated with 
plate fixations. In select patient cohorts such as elite ath-
letes, we have found this technique to offer significant 
advantages over percutaneous and formal ORIF tech-
niques as isthmal purchase confers relative stability, which 
facilitates early functional rehabilitation of the hand, obvi-
ates the need for postoperative immobilization, and allows 

the athlete to return to sport-specific cardiovascular condi-
tioning regimens without risk of pin-site infections. 
Although this procedure requires an articular starting 
point, this current clinical series confirm prior 3-dimen-
sional modeling data17 and long-term radiographic data do 
not demonstrate significant articular sequelae. Although 
indications for this technique continue to expand (ie, more 
proximal axially stable shaft fractures, nonunions, and 
malunions), long-term, randomized, prospective studies 
are needed to directly compare the utility and outcomes of 
this procedure with other commonly used surgical options 
for displaced and angulated metacarpal neck and shaft 
fractures.
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