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Introduction

Metacarpal fractures are common, accounting for approxi-
mately 33% of all hand fractures.1 Despite the relative prev-
alence of this injury, there is debate in the hand literature 
about the optimal treatment strategy.2 Most agree that non-
operative management in the form of an orthosis or early 
protected mobilization is appropriate for closed, extra-artic-
ular, and minimally displaced fractures, but it can lead to 
weakness, extensor lag, palmar prominence, and poor cos-
mesis when used in the wrong settings.3 Open reduction 
internal fixation with a plate and screws provides a rigid 
construct and allows for earlier range of motion (ROM) and 
return to work, but requires a more extensive exposure, with 
increased risk of infection, hardware complications, and for-
mation of extensor tendon adhesions.4 Furthermore, gaining 
purchase distally in the periarticular cancellous bone of the 
metacarpal head can be challenging when attempting to 
achieve anatomical reduction in metacarpal neck fractures.5 
Doing so may require placing the hardware in a very distal 
position, increasing the likelihood of symptomatic hardware 
requiring removal. Kirschner wire (K-wire) fixation can be 

done percutaneously or with a limited open approach, either 
antegrade or retrograde, but is less stable, limits ROM until 
pin removal, and is accompanied by the risk of pin site infec-
tions, osteomyelitis, tendon rupture, and nerve injury. Com-
plication rates have been reported at more than 16%.6

Intramedullary headless screws (IMHSs) have been 
proven effective in a variety of upper extremity injuries.7-10 
More recently, promising results have been observed when 
using them to treat metacarpal neck and axially stable meta-
carpal shaft fractures11-14 (Figure 1). This technique mini-
mizes soft tissue and periosteal disruption at the fracture 
site, allows for rapid mobilization postoperatively, and 
obviates the need for hardware removal.14 The dorsal start-
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Background: The use of retrograde intramedullary headless compression screw fixation for metacarpal neck and shaft 
fractures has been described in the literature. The purpose of this study was to perform a computed tomography (CT)-
based morphological analysis of metacarpal size to help surgeons anticipate expected hardware needs. Methods: In all, 
108 consecutive hand CT scans were evaluated for the medullary diameter in the volar-dorsal and radial-ulnar planes at 
the narrowest point of the canal, as well as for the distance from the articular surface to this point. Results were then 
analyzed by finger and by sex. Results: The ring finger had the smallest average medullary canal diameter for both men 
and women (2.7 and 2.6 mm, respectively); the small finger had the largest average diameter (3.9 mm) for men and the 
middle finger (3.6 mm) for women. Radial-ulnar was the rate-limiting dimension in the index, middle, and ring fingers, 
whereas volar-dorsal was the smallest dimension in the small finger, regardless of sex. Medullary diameter tended to 
be larger in patients aged more than 50 years. More than 50% of fingers have diameters >3.0 mm, and at least 40% 
of index, middle, and small fingers have diameters >3.5 mm, which are common diameters of commercially available 
headless compression screws. Conclusions: When preparing to perform open reduction internal fixation of a metacarpal 
using retrograde intramedullary headless compression screws, the surgeon needs to be prepared with screws of larger 
diameters to optimize fixation. Screws of larger diameters are needed to achieve endosteal purchase, regardless of sex.
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ing point and headless design ensure minimal violation of 
the articular cartilage.15 Furthermore, excellent ROM and 
grip strength, along with high union rates, have been dem-
onstrated in multiple studies.11,13,14

By minimizing soft tissue disruption and requiring less 
immobilization, IMHS can be an ideal treatment in the 
proper setting. Recent studies, however, have been conflict-
ing regarding the biomechanical stability of the construct. 
Melamed et al demonstrated an inferior load to failure (LTF) 
and stiffness of IMHS compared with dorsal plate fixation. 
Further examination of the study, however, reveals that they 
used only a 2.4-mm-diameter screw in their analysis.16

The purpose of our study was to evaluate the dimensions 
of the intramedullary (IM) canal in a series of metacarpals 
using computed tomographic (CT) analysis. To date, there 
has been only 1 previous study on using CT analysis to eval-
uate metacarpal dimensions, but the authors only recorded 
the shaft lengths, shaft bending angles, and capital-axis 
angles and did not examine the IM canal.17 We hypothesize 
that in many cases the diameter of the IM canal is much 
wider than the screws used in the biomechanical studies, and 
that to obtain the necessary cortical purchase in the isthmus 
and subsequently improve the biomechanical stability of the 
construct, larger diameter screws are required.

Materials and Methods

Data Collection

We conducted a database search including all patients who 
had undergone a CT scan of the hand from January 1, 2006, 

to October 31, 2016, yielding a total of 111 CT scans. Inclu-
sion criteria included age ≥18 years, atraumatic metacar-
pals, and adequate visualization on sagittal, axial, and coro-
nal cuts. Three patients under the age of 18 were identified 
in the search and subsequently excluded; therefore, CT 
scans of 108 hands were included in the final analysis and 
reviewed using Philips IntelliSpace PACS Enterprise (Phil-
lips IntelliSpace PACS, Forest City, California). The mea-
surement accuracy of this imaging software has been 
validated by a previous study.18 Multiple data points were 
recorded, including the diameter of the narrowest point of 
the metacarpal shaft in the volar-dorsal and radial-ulnar 
directions, and the length from the metacarpal head to the 
narrowest point of the metacarpal shaft (Figure 2). Each 
data point was obtained by 2 independent investigators and 
averaged. In any case of disagreement, the final value was 
assigned by the senior investigator (M.D.). Descriptive 
analyses were then performed for age, sex, laterality, and 
digit.

Statistical Analysis

We used the intraclass correlation coefficient (ICC) to 
determine the level of agreement between observers. A 
value between 0.50 and 0.75 was considered moderate 
agreement; 0.75 and 0.90, good; and 0.90 and 1.00, excel-
lent.19 In addition, the percentages of IM canals with diam-
eters of <2.4, ≥2.4, ≥3.0, ≥3.5, and ≥4.0 mm were 
determined to allow for a comparison with the dimensions 
of the leading threads of common commercially available 
headless compression screws (HCSs).

Figure 1. (a) Anteroposterior radiograph of a left hand of a 31-year-old male patient demonstrating a left fifth metacarpal distal shaft 
fracture with approximately 60° of apex dorsal angulation, and (b) postoperative image of the same patient following open reduction 
internal fixation using a standard 4.0-mm Acutrack 2 headless compression screw (Acumed, Hillsboro, Oregon)
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Results

A total of 108 hands were analyzed from 108 individuals 
above the age of 18 (range, 19-95; mean, 48.3) years. There 
were 76 men and 32 women, with 50 right hands and 58 left 
hands. Agreement between the 2 observers was considered 
moderate to excellent (ICC = 0.576-0.943).

Table 1 shows the mean dimensions stratified by both 
finger and sex. The radial-ulnar dimension of the ring fin-
ger was the narrowest digit in both men (2.7 mm) and 
women (2.6 mm). The digit with the largest diameter was 
found to be the small finger in the radial-ulnar direction 
for men (3.9 mm) and the middle finger in the volar-dorsal 
direction for women (3.6 mm). The radial-ulnar direction 
was the narrowest dimension for index, middle, and ring 

fingers, whereas the volar-dorsal direction was the nar-
rowest in the small finger, regardless of sex (Figure 3). 
Although right-sided metacarpals had slightly larger 
diameters, there was no statistically significant difference 
(Supplemental Material). In all digits, men demonstrated 
larger distances to the narrowest point on the metacarpal 
shaft than women (P < .001) (Table 2). In men, 33 of 73 
index fingers, 33 of 74 middle fingers, 3 of 75 ring fingers, 
and 0 of 74 small fingers demonstrated distances ≥40mm, 
whereas nearly no female digits met or exceeded this 
length.

With increasing age, the distance from the metacarpal head 
to the narrowest point of the metacarpal shaft did not mean-
ingfully change; however, the diameter of the medullary canal 

Figure 2. Computed tomographic measurements of the metacarpal using Philips IntelliSpace PACS Enterprise. Image (a) represents 
an axial cut depicting the measurement performed to determine the (A) volar-dorsal and (B) radial-ulnar measurement at the 
narrowest part of the metacarpal shaft. Image (b) represents a coronal cut depicting the measurement performed to determine the 
(A) length from the metacarpal head to the narrowest point of the metacarpal shaft.

Table 1. Mean Diameters of the Metacarpal Canals at Their Narrowest Point Stratified by Finger and Sex in the Radial to Ulnar 
Direction and Volar to Dorsal Direction.

Direction Finger Overall mean, mm Sex Mean by sex, mm P value

Radial to ulnar Index 3.1 F 3.0 1.000
M 3.15

Middle 3.1 F 3.2 1.000
M 3.0

Ring 2.6 F 2.6 1.000
M 2.7

Small 3.7 F 3.5 .453
M 3.9

Volar to dorsal Index 3.4 F 3.5 1.000
M 3.3

Middle 3.6 F 3.6 1.000
M 3.5

Ring 3.05 F 3.0 1.000
M 3.1

Small 3.3 F 3.1 .056
M 3.5
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increased, when both age >50 and >65 years were used as 
cutoff points (Table 3).

Table 4 shows the percentage of metacarpals that have 
dimensions based on commonly used HCSs. Overall, 70.1% 
of middle fingers are ≥2.4 mm and 20.6% are ≥4.0 mm at 
their narrowest point. Even for ring fingers, the narrowest 
digit observed in the study, 67% are ≥2.4 mm and 9.3% are 
≥4.0 mm. Following stratification based on sex, the per-
centages between men and women were quite comparable. 
The only notable difference was in the ring finger, where 
the narrowest portion was ≥4.0 mm in 12% of men com-
pared with only 3.0% of women, and the small finger, where 
the narrowest portion was ≥4.0 mm in 22.2% of men com-
pared with only 3.0% of women.

Discussion

Many techniques have been developed for the surgical man-
agement of metacarpal neck and shaft fractures, including 
antegrade (bouquet)20 and retrograde (IM or crossed) 
K-wire fixation,21 IM rods,22 and plate and screw constructs. 

Figure 3. Histogram plots depicting the distribution of diameters at the narrowest point of the intramedullary canal for the (a) 
index, (b) middle, (c) ring, and (d) small metacarpals.

Table 2. Mean Length From the Metacarpal Head to the Narrowest 
Point of the Metacarpal Shaft Stratified by Finger and Sex.

Finger Overall mean Sex Mean by sex P value

Index 37.5 F 35.6 <.001
M 39.2

Middle 37.4 F 35.4 <.001
M 39.4

Ring 32.55 F 30.8 <.001
M 34.3

Small 29.6 F 27.7 <.001
M 31.6

Table 3. Mean Diameters of the Metacarpal Canals at Their 
Narrowest Point Regardless of Direction (Radial-Ulnar or Volar-
Dorsal) Stratified Using Age 65 and Age 50 as Cutoff Points.

Finger Age, y Mean by age P value

Index <65 2.4 <.001
≥65 3.6

Middle <65 2.5 <.001
≥65 3.8

Ring <65 2.3 .002
≥65 3.0

Small <65 3.1 1.000
≥65 3.2

Index <50 2.4 .006
≥50 3.1

Middle <50 2.6 .004
≥50 3.3

Ring <50 2.4 .206
≥50 2.7

Small <50 3.1 1.000
≥50 3.1
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Boulton et al5 first described the use of an HCS to treat a 
displaced comminuted subcapital fracture of the fifth meta-
carpal. Using a limited open approach and dorsal distal 
articular starting point, they inserted a 3.0-mm cannulated 
Synthes HCS (Synthes, Paoli, Pennsylvania) into the med-
ullary canal in a retrograde fashion and buried it into the 
subchondral bone, achieving excellent results. Since then, 
the indications for this technique have been expanded to 
include both metacarpal neck and axially stable metacarpal 
shaft fractures. Ruchelsman et al14 retrospectively reviewed 
26 metacarpal neck/subcapital and 13 shaft fractures treated 
with limited open retrograde IMHSs. All patients achieved 
full composite flexion and resolution of any extensor lag by 
3-week follow-up, and all patients demonstrated radio-
graphic union by 6 weeks. Doarn et al11 reviewed 9 fifth 
metacarpal neck and shaft fractures treated with a similar 
technique and demonstrated excellent postoperative ROM 
(0° of extension and 90° of flexion) and no residual grip 
weakness. Tobert et al13 reviewed 16 patients with 18 meta-
carpal fractures (neck and shaft) treated with IMHSs and 
noted that all patients had a total active motion of over 240° 
and no complications.

The excellent clinical and radiographic results demon-
strated by these studies suggest that the use of IMHS is a 
safe and effective option to treat transverse or short oblique 

metacarpal neck and shaft fractures in skeletally mature 
patients without infection. Benefits of this technique include 
rapid mobilization, minimal soft tissue disruption, and no 
need for hardware removal. Concerns include cartilage 
damage due to the intracapsular starting point, but a recent 
3-dimensional CT analysis by ten Berg et al15 revealed that 
only 4% of the articular surface was involved in the clini-
cally relevant sagittal arc of motion when using the recom-
mended dorsal starting point. Furthermore, significantly 
more cartilage damage can be incurred when using the ret-
rograde percutaneous K-wire technique, as multiple 
attempts to achieve an adequate starting position can repeat-
edly violate the articular surface.14

Several biomechanical studies have called the stability 
of the IMHS construct into question. Melamed et al16 com-
pared a 2.4-mm IMHS with 1.5- to 2.0-mm locking and 
nonlocking plates in human cadaveric metacarpals and 
found that the IMHS demonstrated significantly lower LTF 
and stiffness than plates. Similarly, Beutel et al23 compared 
a 3.0-mm IMHS and crossed K-wires in cadaveric metacar-
pals and found a significantly lower stiffness and maximum 
displacement in the IMHS. Jones et al24 compared a 3.0-mm 
IMHS versus crossed K-wires versus locking plate fixation 
in 30 sawbone metacarpals and found that the IMHS 
mechanical properties were comparable with those of the 

Table 4. Percentage of Diameters at the Narrowest Point of the Metacarpal Shaft Based on Commonly Used Headless Compression 
Screws, Stratified by Direction (Volar-Dorsal and Radial-Ulnar) With the Entire Study Population, Women, and Men.

Sex Finger Measurement
% of fingers 
<2.4 mm

% of fingers 
≥2.4 mm

% of fingers 
≥3.0 mm

% of fingers 
≥3.5 mm

% of fingers 
≥4.0 mm

Overall Index Radial-ulnar 28.3 71.7 54.7 39.6 19.8
Volar-dorsal 20.8 79.2 64.2 42.5 28.3

Middle Radial-ulnar 29.9 70.1 51.4 40.2 20.6
Volar-dorsal 16.8 83.2 68.2 51.4 33.6

Ring Radial-ulnar 37.0 67.0 34.3 19.4 9.3
Volar-dorsal 24.1 75.9 55.6 37.0 15.7

Small Radial-ulnar 6.5 93.5 72.0 56.5 43.5
Volar-dorsal 10.2 89.8 64.8 42.6 22.2

Women Index Radial-ulnar 30.3 69.7 54.5 39.3 18.2
Volar-dorsal 15.2 84.8 63.6 45.5 33.3

Middle Radial-ulnar 18.2 81.8 51.5 48.5 21.2
Volar-dorsal 18.2 81.8 66.7 60.6 39.4

Ring Radial-ulnar 30.3 69.7 27.3 9.1 3.0
Volar-dorsal 27.3 72.7 48.5 30.3 6.1

Small Radial-ulnar 3.0 97.0 81.2 48.5 33.3
Volar-dorsal 9.1 90.9 57.6 24.2 3.0

Men Index Radial-ulnar 27.4 73.6 54.8 39.7 20.5
Volar-dorsal 23.3 76.7 64.4 41.1 26.0

Middle Radial-ulnar 35.1 64.9 51.4 36.5 20.3
Volar-dorsal 17.6 82.4 68.9 47.3 31.1

Ring Radial-ulnar 40.0 60.0 37.3 24.0 12.0
Volar-dorsal 22.7 77.3 58.7 40.0 20.0

Small Radial-ulnar 6.8 93.2 67.6 60.8 48.6
Volar-dorsal 10.8 89.2 68.9 51.4 31.1
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crossed K-wires, but both were weaker than the locking 
plate construct. On the contrary, Avery et al25 determined 
that IMHS was the biomechanically superior construct, but 
they compared a 3.5-mm IMHS with IM K-wires in fresh 
frozen cadaveric specimens. To our knowledge, the neces-
sary stiffness and LTF for metacarpal fractures to withstand 
immediate protected motion are unknown; however, the 
average bending moment during metacarpal joint flexion 
has been estimated to be 0.35 N m.26

In these biomechanical studies, the size of the IMHSs used 
must be taken into consideration. Melamed et al used only a 
2.4-mm IMHS, whereas Beutel et al and Jones et al used a 
3.0-mm IMHS16,23,24. In our study, we find that these implants 
would frequently be too small to gain adequate purchase in the 
medullary canal. For example, despite the ring finger being 
the narrowest digit observed in the study (mean of 2.7 mm in 
men and 2.6 mm in women), 19.4% of them were greater than 
or equal to 3.5 mm at the narrowest point, suggesting that 
using a 2.4- or 3.0-mm screw in these patients would lead to 
an unstable construct. That number increases to 39.6% in the 
index, 40.2% in the middle, and 42.6% in the small fingers.

Interestingly, the diameter of the small digit metacarpal at 
its narrowest point was quite large, with an average radial-
ulnar measurement greater than any of the other digits. This 
is in contrast to the dimensions of the distal phalanx of the 
small digit, which were shown in a recent radiographic study 
at our institution to consistently measure smaller than any of 
the other digits.18 Following stratification based on sex, 
there was not a dramatic difference observed between them, 
apart from the number of ring and small fingers measuring 
greater than 4.0 mm. The narrowest portion of the ring finger 
was ≥4.0 mm in 12% of men compared with only 3.0% of 
women, and the narrowest portion of the small finger was 
≥4.0 mm in 22.2% of men compared with only 3.0% of 
women. This should be taken into consideration during pre-
operative planning, as larger diameter IMHSs may be neces-
sary when treating the ring and small digits in men.

The length to the narrowest part of the medullary canal 
did vary based on sex. In men, 45.2% of index fingers and 
44.6% of middle fingers demonstrated distances ≥40 mm 
to the narrowest point on the metacarpal shaft, whereas 
nearly no female digits met or exceeded this length. This is 
important because 40 mm is the longest available length of 
many commercially available HCSs, the diameters of which 
would be required for this application. Therefore, alterna-
tive means of fixation may need to be pursued if the avail-
able screws are too short to achieve cortical fixation within 
the medullary canal.

In addition, we found that increased patient age was 
associated with increased medullary canal diameters. This 
is consistent with the findings in femoral shaft diame-
ters.27,28 Expansion of the medullary canal over time may be 
the result of cortical thinning or may be due to cortical 
remodeling, placing more bone at the periphery, thus 
increasing bending stiffness.

We are unable to comment on any influence that hand 
dominance may have on metacarpal dimensions. Because 
hand CT scans were obtained for multiple reasons by different 
providers, hand dominance was not consistently documented. 
Although it is conceivable that metacarpal morphology may 
be altered by load during skeletal growth or by chronic 
stresses, as previously described by Roy et al,29 we cannot 
speak of this in our current study. Previous anthropological 
studies have demonstrated that right hand second metacarpals 
tend to be larger than left regardless of hand dominance30; 
although our right-sided measurements were larger than the 
left, these differences did not rise to the level of significance.

The importance of preoperative planning and proper 
screw selection cannot be overstated. To achieve adequate 
stability, solid purchase must be obtained by the leading 
threads proximally in the cortical bone and by the trailing 
threads distally in the subchondral bone. Use of an under-
sized IMHS would lead to a mechanically weaker and less 
stable construct. In addition, when treating metacarpal shaft 
fractures in particular, the chosen implant must be long 
enough to ensure that the leading threads extend proximal 
to the fracture line. In the senior author’s clinical experi-
ence, the measurements on radiographs are accurate for sur-
gical planning. We elected to use CT scans, however, to 
allow more accurate volar-dorsal and radial-ulnar measure-
ments as the overlap of the metacarpals on a lateral radio-
graph hinders precise measurements.

Conclusion

Recent studies have shown the IMHS to be a viable option 
in the treatment of metacarpal neck and shaft fractures, 
with minimal soft tissue disruption, early mobilization, and 
good clinical outcomes. Our study was the first to use CT 
scans to characterize the dimensions of the IM canal of the 
metacarpals and show that a significant percentage are too 
capacious for some standard size HCSs. We also found that 
nearly half of the male index and middle metacarpals dem-
onstrate a distance of ≥40mm to the narrowest portion of 
the endosteal isthmus. Extra attention must be paid during 
preoperative planning to ensure that appropriately sized 
implants are available during the procedure. Further studies 
including descriptive studies of screw sizes used clinically, 
use of radiographs for preoperative planning, and clinical 
outcomes, may be helpful.
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