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Morphometric Evaluation of Second to Fifth Metacarpals
for Retrograde Intramedullary Headless Screw Fixation
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SUMMARY: Intramedullary headless screw fixation has come to the fore in the treatment of metacarpal fractures in recent years with
its advantages. Our aim was to evaluate the metacarpal morphometry for retrograde intramedullary entrance and to detgimai et/
point. Computed tomography images of 105 patients including 64 men and 41 women, were examined. Distal and proximalwigtiasarpal
medullary cavity width, cortex thickness and the measurements of the optimal entry site in volar-dorsal and radio-utmsndesstneasured
in both coronal and sagittal planes. In the sagittal plane, the second metacarpal had the widest proximal width (16.28 midfh dias
greatest in the third metacarpal (14.34 mm) which was significantly different between the sexes (p<0.001). Third metattee peidiest!
medullary cavity width in the sagittal plane (4.12 mm). In the coronal plane, it was the second metarcarpal with the xwdak{i8d 4
mm) and distal width (13.92 mm) and was also the longest (66.32 mm). Unlike the sagittal plane, the medullary cavityhevidéinanél
plane was at the widest (4.06 mm) in fifth metacarpal. The points determined for optimal entry were respectively (4.60mnmA45%/mm;
4.36 mm) in the dorsal-volar plane, close to the dorsal side. There was no significant difference between the sexesifaeoftimpbint
in the sagittal planes in all the measured metacarpals. Considering its three dimensional structure, metacarpal bogeshe@pihemetric
properties and these features differ in sagittal and coronal planes. The optimal entry site is located in the midlimenalthine, while it
is located in the sagittal plane close to the dorsal part. Knowing these properties can reduce the complication rate eyngdaitempts
and help select the correct material.
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INTRODUCTION

Metacarpal fractures are common in the communityequirement (Kaiseet al, 2009), short operation time
The incidence was reported to be 13.6 per 100.000 peofforkumet al, 2013; Kibaret al, 2021) and low cost
per year in the USA (Nakashianhal, 2012). The incidence (Labéret al, 2020).
in hand fractures varies between 12.2 % and 44 % in
various studies (Puat al, 1989; Kollitzet al, 2014). Intramedullary fixation can be performed either
Treatment is mostly conservative. However, there is rretrograde or anterograde, according to the fracture site. It
consensus among the methods of k-wire, plate arimportantto know the anatomical features for the correct
intramedullary headless screw fixation for treatment wheantry site selection. There are very few morphometric
surgical intervention is required (Mirzet al., 2018; studies for the intramedullary headless screw fixation
Dreyfusset al, 2019). However, in recent years, thanethod. One of them investigated the use of materials in
intramedullary screw fixation method has come to the foagppropriate sizes for retrograde intramedullary fixation
due to providing an earlier range of motion (Ruchelsmgbunleavyet al, 2022). Another investigated the optimal
et al, 2014; Doarret al, 2015), minimal invasion point for antegrade enti§doanget al, 2021).
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The aim of surgical operations is to give the mosinder the age of 18 and those with fractures in their
appropriate shape to the anatomical structure (Retlah, metacarpal bones, tumors, inflammatory diseases and those
2015). In addition, anatomical features are important féinat do not allow measurement for technical reasons were
defining the fracture pattern and determining the optimakcluded from the study.
treatment option (Blazar & Leven, 2010). Metacarpal
morphometry should be well understood in order for CT images were acquired with Toshiba Aquilion
intramedullary headless screw fixation to be successful aéd or Toshiba Activion 16 Multislice CT (Toshiba Medical
to minimize complications. Knowing the optimal point forSystems, Otawara, Japan). Images were evaluated using
retrograde insertion can reduce the complication rate atiee institutional Picture Archiving and Communication
increase the success of the operation by avoiding miningystem (PACS) and Sectra Workstation IDS7 (Sectra AB,
invasion and repetitive attempts. In addition, the thicknetinkdping, Sweden) software was used for measurements.
of the medullary cavity and the morphometry of the
metacarpals will be useful in choosing the screw diameter Corrected CT images were used in our
and length. The aim of our study was to determine tlmeasurements. Morphometric parameters in the sagittal
optimal insertion site and important parameters for screand coronal planes were measured for each of the second
selection in women and men in retrograde intramedullaty fifth metarcarpals. A mean of two measurements made
headless screw fixation procedures. by two independent researchers was used. For each

metacarpal in both the sagittal and coronal planes, the
following measurements were made: distal width, proximal
MATERIAL AND METHOD width, medullary cavity width, cortical thickness at the
point of the narrowest medullary cavity width and optimal
entry point measurements. In addition, length

In this retrospective study hand computedneasurements were made in the coronal plane. See Figu-
tomography (CT) imaging taken at our institution for anyes 1A and 1B for descriptions of sagittal measurements
reason between 2010-2020 were used. Images of patieantsl Figures 1C and1D for coronal measurements.

Fig. 1. Measurements. A: In the sagittal plane, distal width (yellow line), proximal width (blue line), medullary cavitfredditine),
cortical thickness at the narrowest point of the medullary cavity (green line) are shown. B: In order to determine trentigtpoait

in the sagittal plane, a line was drawn (red line) from the area where the narrowest medullary cavity width was and $tafrsttedtdi

part where the metacarpal angulation began, and the distance between the line passing through the midpoint of theselttire lines a
line passing through the dorsal side of the metacarpal (black lines) was measured (yellow line). C: In the coronal plaitth dista
(yellow line), proximal width (blue line), medullary cavity width (red line), cortex thickness at the narrowest point ofithlkanye
cavity (green line) are shown. D: In order to determine the optimal entry point in the coronal plane, a line was drawarfeanwitie
narrowest medullary cavity width and the point between this line and the distal of the metacarpal (red lines) and theditie @asis

the midpoint of these two lines and the radial for the 2nd and 3rd metacarpals, for the 4th and 5th metacarpals, thetwstante b
lines (black lines) passing through the ulnar side was measured (yellow line).
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Normal distribution of data sets was evaluated by ICC ranged from 0.856 to 0.962 for a total of 11
Kolmogorov-Smirnov and Shapiro-Wilk tests. Intra-clasparameters measured. Accordingly, it was accepted that
correlation coefficient (ICC) was used to determine the degréee agreement between the two observers was between
of agreement between observers. Values between 0.75 and @96d and excellent.
are accepted as good fit and values between 0.90 and 1.00 as
a excellent fit (Koo & Li, 2016). The t-test was used to com- Sagittal plane measurements are shown in Table I.
pare two independent groups with parametric distribution afithe second metacarpal had the greatest proximal width in
the Mann-Whitney U test was used to compare twthe sagittal plane. The third metacarpal had the greatest
independent groups with non-parametric properties. Fdistal width. The medullary cavity width was located in
statistical significance p<0.05 was considered significant #te third metacarpal as the widest and there was no
95 % confidence. The Statistical Package for the Socisignificant difference between men and women (p=0.223).
Sciences (SPSS), version 22.0 program was used for statistithe cortical thickness at the point of the narrowest
analysis (IBM Inc., Chicago, IL, USA). medullary cavity thickness was the narrowest on the fifth

metacarpal. There was no significant difference between

The study was approved by the Kocaeli Universitynales and females for the most suitable entry point in the
Non-Interventional Ethics Committee with the decisiosagittal plane (all p>0.05).
number 80418770-730.99/85527 and project number 2020/

348. The study was conducted in accordance with the In the measurements made in the coronal plane

principles of the Declaration of Helsinki. (Table 11), the second metacarpal had the widest distal and
proximal width, followed by the third metacarpal. While
the fifth metacarpal had the widest narrowest medullary

RESULTS cavity width, there was a significant difference between
men and women (p=0.017). Although the second
metacarpal is the longest finger, there significant difference

CT images from 105 individuals (60.9 % men) werdetween the sexes for the point determined as the most
assessed mean male age was 3t 227,97 (min-max: 18-80) appropriate entry point in the coronal plane for the second
years and mean female age was similar at 36122 (min- (p<0.001), third (p=0.008) and fourth (p=0.040)
max: 18-73) years (p=0.229). Most (64,8 %) of the imagesetacarpals. See Figure 2 for optimal points for retrograde
were on the right side and there was no significant differena@ramedullary entrances.
between men and women in terms of side (p=0.285).

Table I. Measurements and statistical analysis in the sagittal plane

20 MC 3o MC 4™MC 5™ MC

Sex Mean+ SD p Mean + SD p Mean + SD p Mean+SD p
Proximd M 16.80+1.12 0.000 1546+1.26  0.000 12.78 +1.18 0.000 11.60+1.47  0.000
width F 15.50+1.05 13.83+0.97 11.47+£0.90 10.46+1.24

(0] 16.29+1.28 14.82+1.40 12.27+1.25 11.15+1.49
Distal width M 14.55+1.06 0.000 1498+1.17  0.000 14.01+£0.91 0.000 13.10+1.18  0.000

F 13.21+1.09 13.34+1.00 12.38+£0.80 11.52+0.78

(0] 14.02+1.25 14.34+1.37 13.37+1.18 12.48+1.30
Medullary M 3.67+0.85 0.460 4.22+0.86 0.223* 340+0.77 0.228 3.77x0.80 0.200
cavity width F 3.59+0.83 3.96+0.92 326+0.73 3.60+0.79

o 3.64+0.84 4.12+0.89 3.34+0.75 3.70x0.79
Corticd M 2.82+0.43 0.003* 2.72+0.53 0.007 222+041 0.097*  2.07+0.57 0.049
thickness** F 2.54+0.44 248+0.42 2.16 + 0.50 1.86+0.43

o 2.70+0.45 2.62+0.51 220+ 044 1.98+0.53
Optimal M 16.80+1.12 0.342* 498+ 0091 0.881 451+0.74 0.462 4.38+1.02 0.720
Point *** F 15.50+1.05 4.95+0.79 4.62 + 0.60 4.31+0.88

O 16.29+1.28 4.97+ 086 455+ 0.69 4.36+0.97

M: male; F: female; O: Overall - the whole cohort; SD: Standard deviation; p: p value; t test used. * Mann Whitney-U &astur&drat the narrowest
medullary cavity width. ** * The optimal point was measured as the distance to the dorsal in sagittal sections.
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Table 1l. Measurements and statistical analysis in the coronal plane.

2" MC 3RPMC 4THMC s™MC

sex Mean £+ SD p Mean + SD p Mean = SD P Mean + SD p
Proximal M 16.69£1.72 0.000 13.57+1.22 0.000 12.25+ 123  0.000 14.46+1.47 0.000
width F 15.2741.33 12.15£0.98 11.17£ 097 12.87+1.18

o 16.14+1.72 13.01£1.32 11.83+1.25 13.84+1.59
Distal width M 14.42+1.35 0.000 14.32+1.14 0.000 12.32+41.26 0.000 12.04+£1.55 0.001

F 13.14+1.12 13.11«£1.17 11.44+1.26 11.16+0.88

o 13.92+1.41 13.85+1.30 11.97+1.29 11.70+1.39
Medullary M 3.32+0.82 0.169*  3.30+0.77 0.763*  2.99+0.69 0.035* 4.20+0.95 0.017
cavity width F 3.17+0.96 3.29+0.79 2.73+0.55 3.80+0.78

o 3.24+0.88 3.30+0.77 2.89+0.65 4.06+0.91
Cortical M 2.69+0.54 0.026*%  2.49+0.39 0.152*  2.08+0.59 0.362* 2.09+0.46 0.601*
thickness** F 2.44+0.41 2.43+0.46 2.00+0.31 2.05+0.38

o 2.59+0.50 2.47+0.41 2.04+0.50 2.07+0.42
Length M 68.40+3.48 0.000 65.43+£3.79 0.000 56.47+3.08 0.000 51.97+5.90 0.000*

F 63.06+3.81 60.54+4.36 51.79+£3.34 48.4343.53

(¢ 66.32+4.45 63.5244.51 54.64+3.91 50.59+5.38
Optimal M 7.31+0.89 0.000 7.31+1.07 0.008 5.69+0.85 0.040 50.1+0.97 0.371
Point *** F 6.50+0.89 6.83+0.91 5.34+0.74 4.81+0.89

o 7.04+0.95 7.13£1.03 5.51+0.82 4.94+0.94

M: male; F: female; O: Overall - the whole cohort; SD: Standard deviation; p: p value; t test used. * Mann Whitney-U sest;wameasured at the
narrowest medullary cavity width. *** The optimal point was calculated as the distance to the radial side for the 2nd atekc8rgats and as the
distance to the ulnar side for the 4th and 5th metacarpals in coronal sections.

DORSAL

L Lo Sd62mm

L

Fig. 2. Retrograde optimal points. Blue = male; pink = female; MC: metacarpal.

DISCUSSION

Understanding metacarpal anatomy is difficult duenm (Boonyasirikooét al, 2015; Sephieet al, 2020). Wong
to considerable natural variation. Two-dimensional images al (2018) reported the second to fifth metacarpal bone
can make this irregular bone structure difficult to understaniéngths as 62, 59, 53, and 48 mm, respectively. Seiglh
Although there are many studies concerning th@017) reported these same measurements to be 65, 64, 54,
morphometry of human metacarpals, these measuremesitsmm., respectively in a different population. In our studly,
were generally made using postero-anterior images of degnhgth measurement was performed in the coronal section
bone or x-ray radiographs. The literature has shown that thed measurements were similar to these previous studies,
lengths of all metacarpals range between 44.53 and 65gtRygesting compatibility.
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Complications have been associated with ththere is no significant difference between the sexes for the
intramedullary fixation method, as well as in its abutmergptimal entry point in the sagittal plane. Using the optimal
aspects. These include infection, tendon damage, breakagéry point, an accurate entry can be achieved into the
of the material or damage caused by the material comimgramedullary line. This both minimizes the loss of joint
out of the bone tissue and the surrounding tissue. (Gonzasezface by reducing repetitive attempts and prevents the tip
et al, 1995; Ozeet al, 2008; Blazar & Leven, 2010). We of the screw from damaging the surrounding tissues or the
suggest that complications may be reduced by a bettrtex.
understanding of the three-dimensional anatomy of the
metacarpals, together with correct material usage. Our study has some limitations. Although our

measurements are compatible with the literature, bone

The metacarpal medullary cavity is relatively narrownorphometry may show ethnic and social differences.
at the mid shaft and gradually expands towards the tvidesides, age groups were not evaluated in our study. A further
metaphyses (Lazar & Schulter-Ellis, 1980). However, Zhaveakness of the study was the use of CT images of healthy
et al. (2004) showed that the narrowest medullary cavityone structures and, as it was carried out retrospectively,
width may not be located exactly in the middle of the shafpft tissue diseases that patients may have could not be
so the correct measurement should be found by determinimgcluded. Prospective, large CT studies, taking into account
the narrowest part of the medullary cavity. Besidegthnicity, age and sex would provide better information about
medullary cavity width is important for intramedullarybone morphometry.
interventions in both volar dorsal and radial-ulnar directions.

Therefore, in our study, measurements in both coronal and  The intramedullary fixation method has emerged as
sagittal sections were made in order to identify the medullagyprominent method in recent years compared to plate and
cavity width. Dunleavyet al. (2022) evaluated this k-wire applications. When the three dimensional structure
measurement on axial section CT images and stated thatitheonsidered, medullary cavity width differs in the sagittal
metacarpal with the widest midshaft intramedullary cavitgnd coronal planes. However, the optimal entry site is located
was the fifth metacarpal. Our results were consistent wiipproximately in the midpoint of the metacarpal head in the
those of Dunleavet al (2022) who performed midshaft radial-ulnar direction in the coronal plane. This optimal entry
measurements. Thus, the fifth metacarpal had the widgstint is located close to the dorsal part in the dorsal-volar
medullary cavity width at the narrowest point on coronalirection in the sagittal plane. Knowledge of this information
sections, while the third metacarpal had the widest medullanay help to reduce the postoperative complication rate of
cavity width at the narrowest point on sagittal sections. Thbe intramedullary fixation technique by aiding in
medullary cavity width did not show a significant differencedentification of the optimal entry site, as well as selection
between sexes in either section. Both volar dorsal and @-the best material to use for each patient.
dial-ulnar widths are important in choosing the material to
be used as the use of wide material can prevent the it from
moving or damaging the bone cortex. ORS, A,; COLAK, T.; BAMAG, B.; ISIK, M.; OZBEK, A;
AKANSEL, G.; MEMISOGLU, K. & AYYILDIZ, B. Evalua-

The curved and angled structure of the metacarpé@” morfométrica del segundo al quinto metacarpianos para la
can make it difficult to plan the optimal surgical approacﬁladén retrograda con tornillos intramedulares sin cabetal.
and to make intramedullary interventions. Therefore, it is

important to determine the optimal entrance location. Hoang RESUMEN: En los Gltimos afios, debido a sus ventajas la

et al (2021) used CT scans and aimed to determine th@cisn intramedular con tornillos sin cabeza ha pasado a primer
optimal point for anterograde entry using the same methgglano en el tratamiento de las fracturas de los huesos metacarpianos.
These authors stated that the screw could be placRdestro objetivo fue evaluar la morfometria del hueso metacarpiano
anterograde with minimal articular surface infringement. tepara la entrada intramedular retrograda y determinar el punto de
Berget al (2013) using three dimensional CT, reported th&ntrada 6ptimo. Se examinaron imagenes de tomografia
retrograde access can be achieved with a loss of four percgipPutarizada de 105 pacientes, incluidos 64 hombres y 41 muje-
articular surface by systemizing the joint surface. Accordi§S: 1S anchos de los huesos metacarpianos distal y proximal, el

. Lo h | Vi medular, el grosor de | rtical y las medi
to our results, the optimal entry point in the coronal plarfa ¢ de 1a cavidad medular, el grosor de la cortical y las medidas
el sitio de entrada 6ptimo en las direcciones palmar-dorsal y

corresponds to the mldpomt_ Of_ the d'StaI_ head of tr~5%dioulnar se midieron en los planos coronal y sagital. En el plano
metacarpal. The reason for this is that the intramedullagygital, el segundo hueso metacarpiano presenté el mayor ancho
line is located in the midline in the coronal plane without aproximal (16,29 mm), el ancho distal fue mayor en el tercer hueso
angle. However, the metacarpal angle in the sagittal plametacarpiano (14,34 mm), lo que fue significativamente diferente
shifts the optimal entry level up from the midpoint. Besidesntre individuos de ambos sexos (p<0,001). El tercer metacarpiano
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tenia la cavidad medular més ancha en el plano sagital (4,12 mhajer, R.; Jann, D.; Behm, P.; Ferguson S. J.; Frueh F. S. & Calcagni, M.
En el plano coronal, era el segundo hueso metarcarpiano con madntramedullary screw fixation for metacarpal shaft fractures: a
yor ancho proximal (16,14 mm) y distal (13,92 mm) y también era g?g“;%hzfé”'ca human cadaver stutiydand Surg. Eur. Vol., 45(695-

el més largo (66,32 mm). A diferencia del plano sagital, el ancho ’ :

de | idad dul | ol | b ho (4 ar, G. & Schulter-Ellis, F. P. Intramedullary structure of human
€ la cavidad meaular en el plano coronal era mas ancho ( YO metacarpals). Hand Surg. Am., 5(@)77-81, 1980.

mm) en el quinto hueso metacarpiano. Los puntos determinaq@s,a A : Mirza, J.; Healy, C.; Mathew, V. & Lee, B. Radiographic and

parala entrada optima fueron respectivamente (4,60 mm; 4,97 mm;clinical assessment of intramedullary nail fixation for the treatment of
4,55 mm; 4,36 mm) en el plano dorsal-volar, proximo del lado unstable metacarpal fracturétand (N. Y.), 13(2184-9, 2018.

dorsal. No hubo diferencia significativa entre ambos sexos para\ekashian, M. N.; Pointer, L.; Owens, B. D. & Wolf, J. M. Incidence of

punto de insercion éptimo en los planos sagitales en todos los hue-metacarpal fractures in the US populatidand (N. Y.), 7(4%#26-30,

sos metacarpianos medidos. Teniendo en consideracion su estruc2012:

tura tridimensional, los huesos metacarpianos tienen propiedad&§": K- Gilani, S.; Wiliams, A.; Peterson, S. L. & Morgan, S. Comparison
of intramedullary nailing versus plate-screw fixation of extra-articular

morfomeétricas irregulares, y estas caracteristicas difieren en los metacarpal fractures. Hand Surg. Am., 33(10y24-31, 2008.
planos sagital y coronal. El sitio de entrada 6ptimo se encuentraggy, w. k. Chow, S. P.: So. Y. C.: Luk, K. D. K.: Ip, F. K.; Chan K. C.;
la linea mediana en el plano coronal, mientras que se ubica en elNgai, W. K.; Crosby, C. & Ng, C. A Prospective Study on 284 Digital
plano sagital cerca de la parte dorsal. Conocer estas propiedadeSractures of the Hand. Hand Surg. Am., 14(2)74-81, 1989.

puede reducir la tasa de complicaciones al disminuir los intent8®lin, M.; Kim, N.; Lutsky, K. F. & Beredjiklian, P. K. Measurement of

de entrada y ayudar a seleccionar el material correcto. the radiographic anatomy of the small and ring metacarpals using
computerized tomographic scaitand (N. Y.), 10(4y56-61, 2015.
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