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Abstract

Background: The purpose of this study was to investigate variations in radiographic metacarpal anatomy as it relates to
intramedullary (IM) fixation of metacarpal fractures and to compare this anatomy with available headless screw dimensions.
Methods: We radiographically analyzed posteroanterior and lateral (LAT) radiographs of 120 metacarpals across 30
patients without structural abnormalities. Primary outcomes included IM isthmus diameter, isthmus location, metacarpal
cascade, and head entry point collinear with IM canal. Measurements were compared with a list of commercially available
headless screws used for IM fixation. Results: The average largest isthmus diameter was in the small metacarpal (3.4 mm),
followed by the index (2.8 mm), long (2.7 mm), and ring (2.7 mm) metacarpals. The average cascade angle between long
and index, long and ring, and long and small metacarpals was 0°, 24°, and 27°, respectively. The appropriate head entry
point ranged between 25% and 35% from the dorsal surface of the metacarpal head on a LAT view. The retrograde isthmus
location of the index and long finger was 39.2 and 38.1 mm, respectively. Twenty-five screws from 7 manufacturers were
analyzed with sizes ranging from 1.7 to 4.5 mm. Only 8 of |17 screws between 2.3 and 3.5 mm had a length range above
35 mm. Conclusions: Metacarpal head entry point and cascade angle can help identify the appropriate reduction with
the guide pin starting point in the dorsal 25% to 35% of the metacarpal head. Surgeons should be mindful to choose the
appropriate fixation system in light of the variations between metacarpal isthmus size, isthmus location, and available screw
lengths.
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Background (cerclage, interosseous, and tension band fixation).** More
recently, the use of intramedullary headless cannulated
screws (IM HCS) has gained popularity as a technique for
fixation of certain types of metacarpal fractures.®’
Considering that plain radiographs serve as the usual
diagnostic modality for metacarpal fractures, we have cho-
sen to investigate the radiographic parameters of metacar-
pal anatomy as it relates to IM fixation of metacarpal

Metacarpal fractures are responsible for 10% of all fractures
and account for 18% to 41% of hand injuries presenting to
the emergency department or urgent care.'* Most of the hand
fractures result from a fall, crush injury, or direct impact with
the hand and can occur in the base, shaft, head, or neck.

Due to the variation in fracture type and pattern, different
treatment options should be tailored for each injury presen-
tation. Operative treatment is generally indicated for mal- - _ _ _ _
rotated, significantly shortened, unstable, or intra-articular ~>dney Kimmel Medical College, Philadelphia, PA, USA
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fractures. Indications for metacarpal fixation include multi- 3Bryn Mawr Hospital, PA, USA
trauma patients, severe soft-tissue injury of the hand, meta- “The Rothman Institute, Philadelphia, PA, USA
carpal l?one loss, aI.ld multiple metacarpal/hand fractures.* Corresponding Author:
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metacarpal fractures, including Kirschner wires (K-wires), PA 19010, USA.
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Figure |. Diagrammatic depiction of radiographic measurements.

Note. All measurements are referenced through the central axis of the metacarpal as depicted on lateral radiograph (b). (a) PA radiograph showing
measurement of retrograde head to isthmus distance—"distance to isthmus”; head width, metacarpal length, cortical width at isthmus—*cortical
isthmus diameter”; and canal width at isthmus—*“IM isthmus diameter.” (b) LAT radiograph showing measurement of lateral head width, distance
from dorsal surface to center of intramedullary canal—“dorsal entry point distance”; metacarpal length, cortical width at isthmus—*"cortical isthmus
diameter”’; and canal width at isthmus—*IM isthmus diameter.” PA = posteroanterior; LAT = lateral; IM = intramedullary.

fractures. The purpose of this study was to assess radio-
graphic dimensions of the index through small metacarpals
and then compare those results with the dimensions of com-
monly available HCS for appropriate fit.

Methods

This was a retrospective study of 30 subjects (15 men and 15
women) between the ages of 18 and 60 years selected ran-
domly from a pool of patients who presented to our clinic.
Standard posteroanterior (PA) and slightly pronated lateral
(LAT) radiographs of the hand were reviewed. Participants
with any history of previous hand fractures and inflammatory
arthritis or evidence of any hardware or bony and soft-tissue
abnormalities of the hand on radiograph were excluded.

All radiographs were measured on the Sectra IDS7
(Linkdping, Sweden) diagnostic imaging platform by an
orthopedic surgery resident and reviewed by a fellowship-
trained orthopedic hand surgeon. All measures taken within
the imaging system were standardized for magnification.
Measurements recorded in the PA and LAT radiographs
included metacarpal length, IM isthmus diameter at the
isthmus, metacarpal diameter at the isthmus (or cortical
isthmus diameter), retrograde isthmus IM distance, isthmus
bicortical thickness, and metacarpal head width. The isth-
mus bicortical thickness was calculated by subtracting the
IM isthmus diameter from the cortical isthmus diameter
(Figure 1). The reported isthmus bicortical thickness was
reported as an average of the cortical thickness on the PA
and LAT views. The projected ideal head entry point was
calculated from LAT radiographs and was defined as the
point at the metacarpal head that was collinear with the cen-
ter of the IM canal (Figure 1). That point’s distance from the

dorsal surface of the metacarpal neck was reported as a pro-
portion of the metacarpal head width as seen on the LAT
radiograph. The cross-sectional area of the metacarpal head
was calculated from LAT and PA diameters at the widest
portion of the head.

The metacarpal head cascade angle was measured on the
PA view relative to a reference line—a line perpendicular to
central axis of the long metacarpal placed at the distal edge
of the metacarpal head. Lines were then drawn from the
apex of the long metacarpal head to the apices of the index,
ring, and small metacarpal heads. The measurement of the
angle formed between the reference line and that extending
to the other metacarpal heads was measured (Figure 2).

Sex differences were analyzed using the independent-
samples ¢ test. Differences within the same individual were
analyzed using the paired-sample ¢ test. All advanced statis-
tical analysis was performed using SPSS Statistics 25.0
(IBM, Armonk, New York).

These measurements were then compared with 25 com-
mercially available HCS recording the leading and trailing
thread diameters and available lengths. The screws were
chosen based on surgeon experience and the public avail-
ability of operative technique guides which contained the
specifications of interest. We considered a screw to fit with-
out reaming if the average screw diameter of the leading and
trailing threads was less than or equal to the narrowest mea-
sured canal isthmus diameter. We also calculated the per-
centage of head occupied by the trailing portion of the HCS.

Results

There were 30 patients (15 men and 15 women) with an
average age of 36.9 years (range, 18-60 years). There was
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Figure 2. Diagrammatic depiction of cascade angle measurements. Cascade angles referenced by the line perpendicular to the long
axis of the long metacarpal: (a) index to long angle, (b) ring to long angle, and (c) small to long angle.

Table I. Anatomical Measurements.

Index Long Ring Small

Radiographic Parameter (n = 30) (n = 30) (n = 30) (n = 30)
PA metacarpal length 673 £ 48 649 £ 45 57 42 525 *42
PA IM isthmus diameter 29 = 1.1 27 £08 27 £0.8 3.7 £09
LAT IM isthmus diameter 28+ 1.0 3209 3.1 £09 34+08
PA isthmus distance 392 3.0 38.1 £27 32 £33 282 = 3.0
PA head width 153 = 1.7 158 = 1.7 13.1 = I.5 124 = 1.4
LAT head width 184 = 2.0 174 = 1.7 147 = 1.6 132 = 1.8
LAT dorsal entry distance 64+ 13 53+ 14 44 £09 3807
LAT dorsal entry/Head width 0.4 = 0.05 0.3 = 0.05 0.3 £ 0.06 0.3 = 0.05
Isthmus cortical thickness 5.6 = 0.67 52 *= 0.60 3.8 =049 35*+072
Head cross-sectional area 2224 £ 452 218.6 =432 153 = 322 130 = 284

(n = 30)
Index to long cascade angle 0+32
Ring to long cascade angle 24 + 34
Small to long cascade angle 268 = 3.1

Note. Data represent mean (mm) = SD; cascade angles are in degrees compared with the orthogonal line to long axis of long metacarpal. PA =

posteroanterior; LAT = lateral; IM = Intramedullary.

no significant difference in age between men and women
(34.5 vs 39.3 years; P < .05). The index metacarpal was
the longest in length (67.3 mm), followed closely by the
long metacarpal (64.9 mm) and then the ring and small
metacarpals (57.1 and 52.5 mm, respectively) (Table 1).
The 2-sample ¢ test showed that men had statistically lon-
ger metacarpal bones in all 4 digits (P < .05) (Table 2).
The average distance from the metacarpal head to the isth-
mus was longest for the index finger (39.2 mm), followed
by the long (38.1 mm), ring (32.0 mm), and small fingers
(28.2 mm) (Table 1 and Figure 3).

On the PA projection, the small metacarpal has the
widest isthmus canal diameter (3.7 mm), followed by the
index (2.9 mm), long (2.7 mm), and ring (2.7 mm) meta-
carpals. On the LAT projection, the isthmus IM canal
diameter was again widest for the small metacarpal (3.4
mm), followed by the long (3.2 mm), ring (3.1 mm), and
index (2.8 mm) metacarpals. The paired-sample ¢ test
comparing PA and LAT isthmus canal diameter found that
the long and ring metacarpals were narrower on the PA
view, whereas the small metacarpal was narrower on the
LAT view (P < .05) (Table 2). There was no difference in
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Table 2. Sex Differences of Anatomical Measurements.
Index Long Ring Small

Male Female Male Female Female Male Female
Radiographic Parameter (n =15) (n=15) (n =15) (n=15) Male(n=15) (n=15) (n = 15) (n =15)
PA metacarpal length 69.8 £ 48 645 * 3.0% 67 = 4.1 626 =3.7* | 589 =39 55 + 3.4* 55+34 498 + 3.3%
PA IM isthmus diameter 34 1.1 2.5 = 0.8*% 29 *+09 25+ 06 29 +08 24*07 4+08 3.6 £09
LAT IM isthmus diameter 3311 23+ 0.7% 35+ 1.0 29 +08 34+ 1.0 28 *+07 3.9 £ 06 3 +£07%
PA isthmus distance 405 26 378*27 393 £27 368*22 327 £26  313%39 296 £27 267 £27
PA head width 164 = 1.5 1408% [ I17.1 £1.3 145+ 1.0% | 141 =12 12,1 = 1.0% | 133 = .1 114+ 1.1%
LAT head width 19521 173 1.1* | 185*=14 162=*=12% | |158=* 1.2 135+ 1.0% | 143 1.7 1.9+ 0.8%
LAT dorsal entry distance 7*+12 58 = I.I 63+ 1.4 52+ 13 44 +0.8 44 = 1.1 39+08 3.6 £06
LAT dorsal entry/Head width 0.4 = 0.05 0.33 = 0.05 0.3 *£007 032*+0.06 | 028004 03 =*006% 03*+0.04 03=0.05
Isthmus cortical thickness 58+ 062 54+*0.68 54+ 065 49 *x041% 4+ 053 3.6 = 031% 39 *+0.65 32+ 063*
Head cross-sectional area 252.5 = 43.5 190.1 = 13.6% 249 + 35.1 186.4 = 23.3*% 175.8 =254 129 = |7.3% 150.3 = 23.] 108.4 + 13.8*

Male Female

(n=15) (n=15)

Index to long cascade angle (=) 0.5 = 3.1 05+ 34
Ring to long cascade angle 23840 242=*26
Small to long cascade angle 258 =29 279 =30

Note. Data represent mean (mm) * SD; cascade angles are in degrees compared with the orthogonal line to long axis of long metacarpal. PA = posteroanterior; LAT =

lateral; IM = intramedullary.
*P < .05,

the index canal diameter at the isthmus on the PA versus
LAT view (P = .248). We also found a wide range in the
isthmus diameter from a minimum of 1 to 5.7 mm across
all metacarpals (Figure 4).

Isthmus bicortical thickness was greatest at the index
(5.6 mm), followed by the long (5.2 mm), ring (3.8 mm),
and small (3.5 mm) metacarpals (Table 1). Although the
isthmus bicortical thickness at the index metacarpal was
not statistically different between men and women (5.8
mm vs 5.4 mm, P = .130), men had a statistically thicker
cortical bone at the isthmus in the long, ring, and small
metacarpals (p < .05) (Table 2). A Pearson correlation test
controlling for sex showed that the long metacarpal aver-
age thickness had a moderate negative correlation with
age with an r coefficient of —0.40 and P value of .03. There
was a negative correlation for the index (» = —0.26), ring
(r = —0.33), and small (» = —0.13) metacarpals; however,
these values are not statistically significant.

The cascade angle from index to long finger was 0°, from
long to ring finger was 24°, and from long to small finger
was 26.8°. There was no statistically significant difference
between men and women in any of the cascade angles. The
proportion of the distance of the head entry point from dorsal
surface to the LAT width of the metacarpal head was 0.35,

0.33,0.29, and 0.29 between the index, long, ring, and small
metacarpals, respectively (Table 1).

Dimensions of 25 commercially available screws, appro-
priate for IM metacarpal fixation, from 7 manufacturers
were tabulated (Table 3). The leading thread diameter ranged
from 1.7 to 4.5 mm, and trailing thread diameters ranged
from 2.1 to 5.8 mm. The trailing head of the available screws
occupied 2.2% to 7.1% of the head cross-sectional area for
the index metacarpal, 3.2% to 7.3% for the long metacarpal,
4.6% to 10.4% for the ring metacarpal, and 6.2% to 9.8% for
the small metacarpal. There are a wide variety of screw
lengths available with the smaller diameter screws generally
manufactured in shorter lengths. The maximum length avail-
able for most of the screws was less than the average meta-
carpal lengths. Only 4 (Zimmer HCS 4.5, Exosmed Innate
4.0, Stryker AutoFIX 3.0, Stryker AutoFIX 4.0) of the 25
screws are produced in lengths of 50 mm or longer.

Discussion

Several options for fixation of metacarpal shaft and neck
fractures are available, such as lag screws, plate fixation,
K-wire pinning, and IM HCS fixation. Intramedullary pin-
ning using K-wires can be performed antegrade with bou-
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Figure 3. Distance from metacarpal head to isthmus (mm).
Mean and interquartile ranges of the retrograde distance from
the metacarpal head to the location of the isthmus in the index,
long, ring, and small metacarpals.

quet-shaped technique or via a retrograde technique. In
addition, K-wires can be used to pin adjacent metacarpals
together for increased points of stabilization.! The K-wire
fixation using a bouquet technique has remained a popular
treatment choice due to its ease of application and minimal
soft-tissue violation.*® However, there are inherent down-
sides to this technique. The K-wires are typically left exter-
nal to the skin for later removal and pose a risk for pin site
infection. In addition, K-wires tether soft-tissue structures
which can interfere with attempts to regain early digital
motion.* Plate fixation and screw fixation are often neces-
sary for stabilizing comminuted fractures. While plate fixa-
tion allows early mobilization, the soft-tissue dissection
required can risk avascular necrosis, soft-tissue adhesions,
and joint stiffness.”!® Antegrade IM wire fixation is another
treatment method that has shown good results in terms of
range of motion, dash scores, pain, and operative time.®!1-14
Complications associated with this technique are K-wire
migration and distal perforation of the metacarpal head .®'413
This form of fixation, however, does not provide truly rigid
fixation and has shown biomechanical stiffness compared
with crossed K-wires.®!%!” These constructs may need lon-
ger duration of immobilization when compared with IM
screw fixation; however, this should be further studied.®
The IM HCS fixation minimizes several of these risks.
The procedure is performed using a limited-open or percuta-
neous retrograde approach through the dorsal aspect of the
metacarpal head avoiding soft-tissue dissection required for
screw and plate fixation. The screw diameter can be sized to
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Figure 4. Isthmus width range (mm). Mean and interquartile
ranges of the width of the isthmus on the posteroanterior view
in the index, long, ring, and small metacarpals.

fit within the canal with or without reaming.*'® As the hard-
ware is buried in the bone, there is less risk for soft-tissue
adhesions. Finally, the IM HCS construct is typically strong
enough to permit immediate range of motion exercises, typi-
cally not possible with K-wire fixation. Few complications
have been reported in the literature. In a systematic review
of HCS fixation for metacarpal fractures, Beck et al'® found
no serious complications reported—9 minor complications
including 4 cases of hardware removal in asymptomatic
patients for suspected intra-articular screw penetration,
screw migration, and 2 at patients’ request.

Our study aimed to radiographically assess index through
small metacarpal radiographic parameters as they relate to
the sizing of a headless compression screw for IM metacar-
pal fixation. The results highlighted many differences
between the digits and were able to reproduce findings from
several cadaveric and radiographic studies.’*?* Our study
has contributed additional metacarpal parameters pertinent
to the application of IM HCS fixation, including metacarpal
isthmus diameter, isthmus bicortical thickness, appropriate
distal entry point, and metacarpal cascade angles, to help
understand metacarpal alignment.

Previous studies specific for HCS reported ranges from
2.2 to 4.0 mm diameter and 26 to 50 mm length.”!%-20-25-30
Del Pifial et al” recommended using 3-mm diameter screws
in the index, long, and ring metacarpal fractures while using
a 4-mm screw in the small metacarpal. This study is consis-
tent with these sizes and further elucidates the limits in
screw lengths available for IM fixation.

Several metacarpal isthmus characteristics need to be
considered for IM HCS fixation, including isthmus loca-
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Table 3. Screw Specifications (mm).

Leading thread Trailing thread Cross-sectional area
Implant diameter, mm diameter, mm of trailing head, mm? Length, mm
Acumed Acutrak Micro* 2.5 2.8 6.2 8 20
Acumed Acutrak Mini? 35 3.6 10.2 16 30
Acumed Acutrak Standard?® 4.0 4.1 13.2 16 34
Acumed Acutrak Fusion® 2.0 2.5 49 14 24
Zimmer Mini Herbert® 2.5 3.2 8.0 14 24
Zimmer Herbert 3.0° 3.0 3.9 1.9 12 30
Zimmer HCS 4.5° 45 5.8 26.4 25 100
Exosmed Innate 4.0° 4.0 4.5 15.9 35 75
Depuy Synthes HCS 2.4 (ST)¢ 2.4 3.1 7.5 9 40
Depuy Synthes HCS 2.4 (LT)¢ 2.4 3.1 7.5 17 40
Depuy Synthes HCS 3.0 (ST)¢ 3.0 3.5 9.6 10 40
Depuy Synthes HCS 3.0 (LT)¢ 3.0 3.5 9.6 10 40
Depuy Synthes HCS 4.5¢ 4.5 5.0 19.6 16 40
Stryker AutoFIX 2.0° 2.0 3.0 7.1 10 30
Stryker AutoFIX 2.5¢ 25 3.3 85 10 30
Stryker AutoFIX 3.0° 3.0 4.0 12.6 12 60
Stryker AutoFIX 4.0° 4.0 52 21.2 20 50
Stryker Fixos 2.5¢ 25 34 9.1 10 30
Stryker Fixos 3.5¢ 35 4.2 13.8 14 24
Skeletal Dynamics Reduct 2.5/ 2.6 32 8.0 10 30
Skeletal Dynamics Reduct 3.5 3.4 4.0 12.6 10 30
TriMed Cannulated Screw |.78 1.7 2.4 4.5 8 14
TriMed Cannulated Screw 2.38 2.3 3.0 7.1 10 28
TriMed Cannulated Screw 3.08 3.0 4.0 12.6 10 36
TriMed Cannulated Screw 3.58 35 4.5 15.9 20 45
Range 1.7-4.5 2.1-5.8 3.5-26.4 8-100

*Acumed (Hillsboro, Oregon).

bZimmer (Warsaw, Indiana).

‘Exosmed (Aliso Viejo, California).

9Depuy Synthes (Raynham, Massachusetts).
eStryker (Kalamazoo, Michigan).

fSkeletal Dynamics (Miami, Florida).
€TriMed, Inc (Valencia, California).

tion and diameter. The screw diameter must be appropri-
ate to fit through the isthmus, and possibly engage the
cortex, without causing iatrogenic fracture or incarcera-
tion from size mismatch. This can be done with a reamed
technique or by simply sizing the screw to fit appropri-
ately in the isthmus. Finally, screw length is important for
determining what will reach within the isthmus and
potentially beyond the isthmus. Comparing our compiled
list of screws with the metacarpal isthmus diameters and
locations shows that screw sizes between 2.4 and 4.0 mm
can roughly account for the average size of the canal at
the isthmus that would allow engagement of the screw
threads. The isthmus location of the index and long fin-
gers is 39.2 and 38.1 mm respectively; however, 11 of 19
screws had sets of this size under 40 mm of maximum
length. There is a potential deficit in screw size for frac-
ture of the index and long metacarpals.

Another isthmus consideration is the tolerance of this
area for IM reaming as it relates to cortical thickness at the
isthmus. It is not known how much reaming the metacarpal
can tolerate before risking iatrogenic fracture, but unlike
other larger tubular bones that are reamed for IM fixation
such as the femur or tibia, there is much less tolerance for
overreaming. The average isthmus bicortical thickness was
5.7,5.2,3.8, and 3.5 mm for the index, long, ring, and small
metacarpals, respectively. Men also had greater cortical
thickness compared with women in the long, ring, and small
metacarpals. These results would indicate that the small and
ring metacarpals would be less tolerant to reaming, particu-
larly in female patients. However, further studies are needed
to fully describe this theoretical risk.

Alignment of the metacarpals, and specifically metacarpal
shortening with fracture, can be evaluated with the cascade
angle and can be useful for assessing reduction or overshort-
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ening. There were no sex differences between men and
women. The distal apex of the index and long metacarpals is
at the same level based on an index long cascade angle of 0°.
The average angle between the long and ring metacarpals is
24.0° versus 26.8° in the long and small metacarpals. Thus, as
a rough estimate, one can assume that index, ring, and small
metacarpal head apices are relatively collinear. These angular
relationships can be used to approximate the amount of short-
ening of a metacarpal fracture. For example, in a ring finger
metacarpal injury, a line from the apex of the long to small
metacarpal head should align with the ring metacarpal head.
The metacarpal head distance from this tangent line is an esti-
mate of shortening. Furthermore, this aids in evaluating resto-
ration oflength and the quality ofthe reductionradiographically.
This is especially important when reducing a fracture with
comminution where the metacarpal bone is unstable in length.
Intramedullary headless cannulated screws have a relative
contraindication within this setting.

The projected optimal head entry point is the point collinear
with the IM canal and ranged between 29% and 35% of the
metacarpal head width measured from the dorsal cortex seen
on the LAT view. As a general guideline, centering the distal
entry point at the dorsal one-third of the metacarpal head
should produce appropriate metacarpal head and shaft frag-
ment alignment and proper trajectory to the isthmus. Further-
more, biasing the distal entry point to the dorsal one-third of
the articular surface of the metacarpal head places the reamer
hole in a more forgiving area of the articular surface as noted
by ten Berg et al'® who found that such placement avoided
engaging the center of the articular base of the proximal pha-
lanx in the more clinically relevant sagittal arc of motion.

Fixation within the cancellous bone of the distal metacar-
pal metaphysis and head is improved with a larger diameter
screw. However, this consideration needs to be weighed
against minimizing articular surface damage to accommodate
the screw diameter. The percentage volume occupied by the
trailing end of the 2.4- and 3-mm screws within the metacar-
pal head has been measured as a mean of 4% of subchondral
volume by others with quantitative computed tomographic
analysis.'* Our results showed a similar small percentage of
area projected to be occupied by the trailing end of the IM
HCS in the metacarpal head cross section, ranging from 3.2%
to 10% of the metacarpal head cross section. When this size
defect is in the dorsal segment of the head, this is likely to be
clinically insignificant as shown by Ruchelsman et al.*

This study has its limitations. First, there are inherent limi-
tations in assessing 3-dimensional anatomy based solely on
2-dimensional plain radiographs. While all images were
stored and measured using the same software, there is a pos-
sibility that the images were magnified and subsequently not
adjusted. Second, we used the slight oblique radiographic
view as an approximation for a lateral film so that we could
better visualize each individual metacarpal. Our study was
based on subjects with normal bone morphology, so our con-

clusion may not be applicable to patients with bony abnor-
malities or arthritic distortion. Such situations may require
different screw design and sizes.*' Our study assumes that the
best fit for screws is in the isthmus; however, there is no study
showing this is true nor does it show that an isthmus fitting
screw improves patients’ outcomes. Furthermore, with the
reamed technique, the effective length of the isthmus is
increased, making a precise isthmus location less helpful.
Finally, our study evaluated 7 manufacturers’ commercially
available HCS regarding screw lengths and diameters. This is
not a completely exhaustive list of all available commercial
screw options and was limited to screws with publicly avail-
able technique guides that displayed all specifications of inter-
est. We did not analyze differences in screw shape, thread
characteristics (pitch, partially thread, fully threaded), and
screw material, which could affect application and strength.

This study demonstrates that although there are differ-
ences between sexes and between metacarpals within the
same individuals, there are also several radiographic land-
marks that are relatively consistent, such as distal entry point
and cascade angle, which can be used to approximate screw
placement and fracture reduction. Surgeons should be mind-
ful of the anatomical variations, specifically the thinner isth-
mus cortical thickness in the small and ring fingers, especially
in women, as well as the capacious nature of the small meta-
carpal isthmus space, especially in men. The index and long
metacarpal bones may not have screws appropriately sized in
width and length for the isthmus that are long enough to
reach, so preoperative planning with the appropriate system
is necessary. Given that the index and long metacarpals have
relatively thick cortices at the isthmus, reaming to widen the
isthmus may help accommodate a larger, longer screw. Future
modifications to HCS design that accounts for the parameters
explored in this study may improve the application of this
technique for certain metacarpal fractures.
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