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Abstract Objective To quantify the cartilaginous and tendinous lesions produced upon
percutaneous introduction of intramedullary cannulated screws as osteosynthesis
material in metacarpal and phalangeal fractures.
Materials and Methods Seven anatomical models and one non-replanted hand were
used. The measurements of 30 metacarpals and proximal and middle phalanges were
taken. Cannulated screws with complete and partial threads were placed percutane-
ously through the metacarpal head and the proximal and middle phalanges, reproduc-
ing the actions performed in the clinic. The following measurements were performed:
A) Percentage of the damaged cartilaginous area and its location. B) Damage to the
extensor apparatus and its distance to the bone insertion point. C) Bone marrow size.
Results (A) The percentages of the damaged areas in the metacarpals, proximal and
middle phalanges were 5.7%, 13.35% and 9.62%, respectively. (B) The damage to the
extensor apparatus was less than 3 mm with a 4-mm distance to the bone insertion
point and (C) We have obtained the measurements of the intramedullary bone and
from them, we calculated the width of the most appropriate screw.
Conclusion In conclusion, the use of retrograde and percutaneous cannulated screws
is a reliable technique with regard to the associated morbidity, and we present an
approximation regarding the most appropriate screw for each location.

Resumen Objetivo El objetivo de este estudio es cuantificar las lesiones cartilaginosas y
tendinosas que se producen al introducir tornillos canulados intramedulares percutá-
neos como material de osteosíntesis en fracturas de metacarpianos y falanges.
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Introduction

Fractures of the metacarpals and phalanges are the second
most common fractures of the upper limb, after fractures of
the distal radius. Fractures can be treated conservatively or
surgically depending on several criteria.1

Kirschner needles (K-needles), screws and osteosynthesis
plates have been the usual methods of fixation.2–6 These
methods can lead to complications, depending, in a way, on
the characteristics of the fracture, the patient, the surgical
technique and the osteosynthesis material itself.7

The use of cannulated headless screws inserted in a
retrograde manner is indicated in certain types of fractures
of the metacarpals and phalanges, and present advantages in
relation to the other types of osteosynthesis.8–13 The screws
are inserted percutaneously, allowing a stable fixation
with minimally invasive surgery. These are inserted through
a joint surface, and not having a head allows them to be
buried in the subchondral bone, without interfering with the
joint movement. The use of cannulated screws embedded in
the medullary structure facilitates a sufficiently solid fixa-
tion to allow early mobilization by avoiding the rotation of
the threads that are fixed in the medullary.

The objective of this study is to quantify the cartilaginous
and tendinous lesions that occur when using intramedullary
cannulated screws as osteosynthesis material in fractures of
the metacarpals and phalanges. This involves obtaining a
measurement of the intramedullary canal of the studied
bones to make an approximation of the appropriate screw
to be used.

Material and Methods

Anatomical Study / Bone Section
Our anatomical study was supported by the Centre for Body
Donation and dissection rooms of the Anatomy Department
of the Faculty of Medicine of the Complutense University of

Madrid, which provided seven anatomical pieces of formal-
dehyde-preserved cadavers (upper limbs), in addition to
hands whose reimplantation had been rejected or failed,
treated in our service (1 hand), in which we have studied the
bones of the long fingers, excluding the thumb.

Two types of screws were used, one with a conical
structure and threads along the entire length, Acutrak
(Acumed, Hillsboro, Oregon USA), and the other type is a
Herbert screw, the AutoFix (Cannulated Compression Screw;
TarmaGroup,Madrid, Spain) in several head and thread sizes
(►Table 1).

The placement of the screws was transcutaneous. A
maximum flexion of the metacarpophalangeal joint in the
metacarpals, and of the proximal and distal interphalangeal
joints was required for placement in the proximal and
middle phalanges without dissection of the soft tissues,
which are the same actions that would be performed in a
clinic. The bone measurements presented in this paper were
performed on these hands.

To carry out the measurements, we used a Borletti digital
caliper, model CDEP15, with an accuracy of 0.01 mm (LFT
SpA, Antegnate, BG, Italy).

Materiales y Métodos Utilizamos en nuestro estudio anatómico piezas anatómicas
donadas (7 manos) y manos no reimplantadas en nuestro hospital (1mano). Se han
medido 30 metacarpianos y falanges proximales y medias. Se colocan percutánea-
mente los tornillos canulados de espiras completas y parciales, a través de la cabeza de
los metacarpianos y las falanges proximales y medias reproduciendo las acciones
realizadas en la clínica. Realizamos las mediciones: A) Porcentaje del área cartilaginosa
lesionada y su localización. B) Lesión en el aparato extensor y la distancia de esta a la
inserción ósea. C) Tamaño de la medular de los huesos.
Resaultados Obteniendo los siguientes resultados: A) el porcentaje del área lesio-
nada en los metacarpianos, falanges proximales y medias es de 5,7%,13,35% y 9,62%
respectivamente. B) La lesión del aparato extensor es menor de 3mm con una distancia
a las inserciones óseas de 4mm y C) Obtenemos medidas de las intramedulares óseas y
las relacionamos con la anchura del tornillo más adecuado.
Conclusión Como conclusión, la utilización de tornillos canulados via retrograda y
percutánea es una técnica fiable en cuanto a la morbilidad asociada y damos una
aproximación al tornillo más adecuado en cada localización.

Palabras Clave

► metacarpianos
► falanges
► ostesíntesis
► tornillos

intramedulares

Table 1 Screws used in our study and their measures

Screw type Width in
threading
type

Width in
point type

Cannulated turns complete 4.1 mm 4.0 mm

Cannulated turns complete 3.6 mm 3.5 mm

Cannulated turns complete 2.8 mm 2.5 mm

Cannulated turns partial
(type Herbert)

3.7 mm 3.0 mm

Cannulated turns partial
(type Herbert)

2.8 mm 2.2 mm
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We measured 30 metacarpals, proximal and middle pha-
langes of the long fingers, in which the following variables
were studied:

• Area of the metacarpal head
The area of the metacarpal head is approximated to the
geometric spherical cap figure. A spherical cap is the part
of a sphere cut by a plane (►Fig. 1).
The formula of the area of the cap is ∏ (a2 þh2), with “a”
being the radius of the base of the cap, and “h,” the height
of the cap.

• Area of the head of the proximal and middle phalanges
To find the area of the head of the proximal and middle
phalanges, we approximated their shape to two trun-
cated cones joined by their smaller base. The area of the
truncated cone is determined by the radius of the bases,
r1 and r2, the height “h” and the generatrix “s” and is
obtained by the formula ∏(r1 þ r2) S. The results

obtained are divided in half to approximate the geo-
metric structure to the figure of the phalangeal head
(►Fig. 2).

• Measurement of the lesion area caused by the entry of the
cannulated screws through the metacarpal head and the
proximal and middle phalanges.
The lesion resulting from the entry of the cannulated
screws into the cartilage will be equal to the circle area
of the cannulated screw head, whose formula is ∏x r2.
Even though the screw structures may be different, what
should be taken into account is the width of the screw
head (►Fig. 3).

• Relationship between the head of the bones studied, and
the cartilaginous lesion caused by the introduction of the
cannulated screws.

• It is determined by the percentage of injured area at the
head of the studied bones caused by the entry of the
screws.

Fig. 1 The geometric image of the spherical cap and the articular surface of the metacarpal head.

Fig. 2 Two truncated cones joined at their narrow portion and their association with the phalangeal heads.
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• Localization of the entry of the cannulated screws into the
metacarpal head and into the proximal and middle pha-
langeal heads.

• Measurement of the medullary size and the relationship
between the outer and inner (medullary) widths of the
metacarpals.
The external and medullary widths of the metacarpals are
measured in order to obtain the proportion between them.

• Relationship between the medullary cavities of the meta-
carpals and phalanges and the size of the screws.
The relationship between the medullary cavities of the
bones studied and the width of the screws helps to
indicate the proper screw for each bone.

Anatomical Study/Tendon Section

• Study of the extensor apparatus at the metacarpal head
level and at the level of the head of the proximal and
middle phalanges following screw placement.
The lesion and its distance to the bone insertion are
measured in mm, allowing us to assess the mechanical
repercussion in the extension of the proximal and distal
metacarpophalangeal and interphalangeal joints.

Results

Bone Section

• Measurement of the area of the metacarpal head and of
the head of the proximal and middle phalanges.
The metacarpal heads have an area of 231.31 mm2 on
average. The heads of the proximal and middle phalanges
have an area of 98.85 mm2 and 63.90 mm2, respectively
(see ranges, in ►Table 2).

• Measurement of the area of the lesion caused by the
cannulated screws during their entry into the joint head.
Screws that have a diameter of 4.1 mm in their proximal
portion would affect an area of 13.20 mm2, while 3.6 mm
and 2.8 mm screws impact an area of 10.17mm2 and 6.15
mm2, respectively.
Herbert screws with a width of 3.6 and 2.8 mm at the
proximal portion impact the same area as the screwswith
threads through their entire length (►Table 3).

• Percentage of damage to the metacarpal heads in relation
to the entry area of the cannulated screws.

• The damage to the metacarpal heads following the place-
ment of cannulated screws is seen at a rate of 5.70%, at
most (►Table 4).

• Percentage of damage to the articular facets on the head of
the proximal phalanges in relation to the area of the
cannulated screws.
In second and third fingers, the use of the 4.1 mm screw
causes a 13.35% damage to the joint surface. In the fourth
finger, we used a 3.6 mm screw, which caused a 10.28%
damage of the joint head. In the fifth finger, 2.8 mm
screws can be used generating an impact of 6.22%
(►Table 4).

• Percentage of damage to the articular facets on the head of
the middle phalanges in relation to the area of the
cannulated screws.
Upon placing 2.8 mm screws, the impact is 9.62%. In the
middle phalanx of the fifth finger, it is not possible to use
the intramedullary screws that we have due to the size of
the medullary canal (►Table 4).

• Localization of the entry of the cannulated screws into the
metacarpal head and into the proximal and middle pha-
langeal heads.

Fig. 3 Geometric image of the cannulated screw insertion associated
with a circle.

Table 2 Average area and range of the head of the metacarpals,
phalanges proximal y medium

Average area Area max / min

Metacarpal 231.31 mm2 299 / 193.55 mm2

Proximal phalange 98.85 mm2 113.96 / 66.62 mm2

Medium phalange 63.90 mm2 78.67 / 53.67 mm2

Table 3 Area of the proximal portion of the screws

Width of the screw Area

4.1 mm 13.20 mm2

3.6 mm 10.17 mm2

2.8 mm 6.15 mm2

Table 4 Percentage of the affected area produced by the
introduction of a screw in total area of the head of
metacarpals, phalanges proximal y medium

Bone Screw Percentage
of joint
involvement

Metacarpals screw of 4.1 5.70%

screw of 3.6 4.40%

Proximal phalange screw of 4.1 13.35%

screw of 3.6 10.28%

screw of 2.8 6.22%

Medium phalange screw of 2.8 9.62%
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For the insertion of the screws, we perform maximum
flexion of the distal bone of the joint, so that the affected
head portion is the dorsal third of themetacarpal head and
the intercondylar zone in the phalanges (►Figs. 4 and 5).

• The relationship between the external and internal size of
the metacarpals in the diaphysis.
The medullary canal of the second metacarpal is
5.23 mm; of the third is 5.24 mm; of the fourth is
4.20 mm, and of the fifth is 4 mm.
Themedullary canal of the fifthmetacarpal is proportion-
ally greater than the medullary of the rest of the meta-
carpals, occupying 63.86%.
These measurements helped us to determine the appro-
priate screws, which are the ones with a 4.0 mm tip
(►Figs. 6 and 7) (►Table 5).

• The relationship between the internal size of the proximal
andmiddle phalanges in the diaphysis and the cannulated
screws.
With regard to theproximal phalanx, themedullary canal of
thesecondfinger is4.45 mm;of the thirdfinger is4.44 mm;
of the fourth is 3.64 mm, and of the fifth is 3.14 mm.
These measurements allow us to use a 4.0 mm screw in
second and third fingers. In the fourth finger, it is recom-
mended to use 3.5 mm screws. In the fifth finger, 2.8 mm
screws can be used (►Fig. 8) (►Table 6).
With regard to the middle phalanx, the medullary canal of
the secondfinger is 2.87 mm,of the thirdfinger is 2.80 mm,
of the fourth is 2.66 mm, and of thefifth finger is 1.80mm.

Fig. 4 (a) Articular surface lesion of the metacarpal caused by the insertion of the screw. (b) Position in its dorsal portion.

Fig. 5 (a) Articular surface lesion of the proximal phalanx caused by
the insertion of the screw. (b) Articular surface lesion of the middle
phalanx caused by the insertion of the cannulated screw.

Fig. 6 Location of fully threaded screws in the medullary canal of the metacarpals.
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The measurements obtained allow us to use the 2.8 mm
and 2.2 mm screws on the second and third fingers. As for
the fourth finger, 2.2 mm screws can be used as per the
measurements obtained, and on the fifth finger, we
cannot use the screws in a safe manner.
►Fig. 9 shows the imprint that the threaded screws create
on the medullary canal of the proximal and middle
phalanges after being placed in the phalanx (►Table 7).

Tendon Section

• Study of the extensor apparatus at the metacarpal head
level.

• The lesion we have measured is 2.94 mm in diameter on
the tendon of the extrinsic extensor muscle.

• Study of the extensor apparatus with regard to the
placement of the screw at the level of the proximal and
middle phalangeal heads.

• The lesion that causes the screw placement on the exten-
sor apparatus does not affect the insertion of the central
band in the middle phalanx, by displaying an average
minimum distance of 4 mm between the screw inlet and
the insertion of the central band at the base of the
proximal phalanx, a mean of 4.86 mm, and an average
lesion of 2.70 mm in the tendon.

• Regarding the introduction of screws in the middle
phalanx, the average distance between the screw inlet
and the tendon insertion is 3.55 mm, with an exten-
sor tendon injury of 1.90 mm, on average (►Figs. 10

and 11).

Fig. 7 Location of partially threaded screws in the medullary canal of
a metacarpal.

Fig. 8 (a) Location of fully threaded screws in the medullary canal of the proximal phalanx. (b) Proximal phalanx with screw embedded in the
medullary canal. (c) Proximal phalanx with a fracture, on which intramedullary screw placement has been performed. Note the imprint of the
screw in the middle of the phalanx.

Table 5 Measurement of the metacarpal medulla, percentage medulla takes over total metacarpal size and proper screw
according our data

Metacarpals Metacarpal medulla size %� Recommended screw

2nd metacarpal 5.23 mm 44.14% Screw - threading 4.1 mm / point 4 mm

3rd metacarpal 5.24 mm 37.86% Screw - threading 4.1 mm / point 4 mm

4th metacarpal 4.20 mm 35.98% Screw - threading 4.1 mm / point 4 mm

5th metacarpal 4 mm 63.86% Screw - threading 4.1 mm / point 4 mm
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Discussion

Our study demonstrates that the cartilaginous lesion follow-
ing the placement of intramedullary cannulated screws
results in an articular surface defect of less than 15%, while
preserving the bone insertions of the extensor apparatus.We
also present the intramedullary size measurements to give
guidance regarding the width of the appropriate screw, so
that it gets embedded in the walls, without distending or
breaking them.

We have looked into surgical fractures, those with alter-
ations in rotation, excess angulation, as well as the presence
of multiple fractures.

The long bones of the hand are formed by cancellous and
cortical bone, but there are few literary references to their
internal structure.

Our study emerged from a need to understand the alter-
ations secondary to the introduction of intramedullary
screws through the joint surface in the treatment of frac-
tures. The percutaneous placement of these screws allows
fixation through the intramedullary fit and the subchondral
cancellous bone of the bone head, thus remaining hidden in
it, without affecting the joint mechanics.

Themetacarpalshavea concave shapeon their volar surface
as a result of a radius that corresponds to 5/7 of its length,
giving the palm its concave shape.14 This anatomical feature
means that placement of the screw inlet is located in the upper
third of the head. We have approximated the head of the
metacarpal to a spherical cap, aswe needed a geometricfigure
with a formula that would allow us to calculate the area. In our
study, the percentage of damage to the articular head was
5.70% for the screw used. Our study is consistent with the
conclusions obtained in the study performedwith 3D comput-
ed tomography (CT) on the heads of the metacarpals treated
with headless intramedullary screws in neck fractures.15

The measurements of the medullary canal of the meta-
carpals allow us to affirm that, proportionally, the largest
medullary canal is the fifth metacarpal, occupying 65.85% of
thatfinger, comparedwith 44.14% for the secondmetacarpal,
and 37.86% and 35.98% for the third and fourth metacarpals.
This provides an insight regarding the size of the cortical
bones, allowing us to conclude that the cortical bones of the
third and fourth metacarpals are thicker, since these cortical
bones represent over 60% of the entire metacarpals.

Apart from the anatomical data, this allows us to conclude
that we can introduce a screw that is 4.1 mm wide in the
medullary canal of the metacarpals, which would be a perfect
fit in themedullary canal both in its frontal and sagittal views,
without distending or breaking the cortical bones.

Theheadsofbothphalangeshavebeenapproximatedto two
truncated cones joinedby thebasewitha smallerdiameterand

Table 6 Measurement of the proximal phalanx medulla and proper screw according our data

Proximal phalange Proximal phalange medulla size Recommended screw

Proximal phalange 2nd finger 4.45 mm Screw - threading 4.1 mm / point 4 mm

Proximal phalange 3rd finger 4.44 mm Screw - threading 4.1 mm/ point 4 mm

Proximal phalange 4th finger 3.64 mm Screw - threading 3.6 mm/ point 3.5 mm

Proximal phalange 5th finger 3.14 mm Screw - threading 2.8 mm / point 2.5 mm

Fig. 9 (a) Location of fully threaded screws in the medullary canal of the
proximal and middle phalanges of the long fingers. (b) Proximal phalanx
with partially threaded intramedullary screw embedded in the medullary
canal. The red arrows mark the imprint of the threads of the screws.

Table 7 Measurement of the medium phalanx medulla and proper screw according our data

Proximal phalange Medium phalange medulla size Recommended screw

Proximal phalange 2nd finger 2.87 mm Screw - threading 2.8 mm/ point 2.5 mm

Proximal phalange 3rd finger 2.80 mm Screw - threading 2.8 mm/ point 2.5 mm

Proximal phalange 4th finger 2.66 mm Screw - threading 2.8 mm/ point 2.5 mm

Proximal phalange 5th finger 1.80 mm NO
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based on this geometric figure, wehave found the correspond-
ing areas. The palmar cortical bone is wider than the dorsal
cortical bone. The shape of themedullary canal is like a tunnel
with a flat floor on the palmar aspect and a dorsal arch. The
cancellous bone ismore abundant in the proximal part than in
the distal part of all phalanges. Theproximal phalanxdisplays a
medullary canal greater than the middle phalanx, as the latter
is narrower, shorter and, proportionally, with more cortical
bone.16 The outcomes of the Schulter-Ellis and Lazar study are
consistent with our results with regard to the size of the
proximal and middle phalanges.

The impact on the articular head of the phalanges is
maintained within a percentage that allows us to use head-
less intramedullary screws, leading to a maximum impact of

13%, when 4.1 mm screws are used. In the literature, wehave
not encountered any anatomical studies except for the study
by Bordas et al conducted on proximal phalanges, in which
the cartilaginous involvement of the base of the proximal
phalanx wasmeasured after the introduction of intramedul-
lary screws through the antegrade route, obtaining a per-
centage of 8.5% using 3 mm screws.17

We must take into account that our results are based on a
limited number of anatomical models, and that, through our
radiologicalstudies,wehaveverifiedtheenormousvariability in
the size of thebones studied, bothwith respect to their external
sizeand thesizesof themedullarycanal andof thecortical bone.
These variations result in a fluctuation in the percentage of
articular involvement, since bones that are large externallymay

Fig. 11 (a) Location of the screw entry point. (b) Lesion on the extensor apparatus after placement of a screw in the middle phalanx. Note the distance
between the lesion and the insertion point at the base of the distal phalanx. (c) Tendon traction shows a functioning extensor apparatus.

Fig. 10 (a) The traction of the extensor apparatus after placement of a screw in the proximal phalanx, showing the functionality of the middle
band. (b) Proximal phalanx with intramedullary screw; distance between the screw entry point at the level of the extensor apparatus and the
insertion of the middle band at the base of the middle phalanx.
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have a proportionally small medullary, indicating that wemust
use a screwwith a smaller width, so that the impact on the joint
is smaller. A conclusion has thus been reached that the choice of
screws must be individualized for each patient.

The delicate balance of the different tendinous extensions
is fundamental to maintain coordinated flexion and exten-
sion. Our study has demonstrated that the extensor appara-
tus, which is travelled through by the intramedullary screws
during their insertion, is mechanically preserved and should
allow the immediate mobilization of the injured area.

Themajority of complications in the treatment of fractures
occur in open surgery and due to the placement of external
materials. The deeper the surgical dissection, the greater the
possibility of causing complications due to the processes of
devascularization, loss of periosteum and anatomical features
of the few slip planes between the bone and the adjacent
structures (absence of musculature and limited amount of
fatty deposits). In case the scar produced is very close to the
tendons, it will be able to encompass the structures and
produce a tenodesis effect, especially in the phalanges18,19

Kirschner needles have the advantage of limited soft
tissue alteration, but their use decreases the possibility of
early mobilization, and according to some authors, it may
lead to require tenolysis in 7% of cases. It also increases the
chances of osteomyelitis (4%) as extracutaneous osteosyn-
thesis material remains.20

The use of K-needles may lead to further complications,
such as the rotation of the bone, in addition to those already
commonly associated with the use of K-needles20 (tendon
rupture, osteomyelitis, skin infection, delayed union or non-
union, as well as stiffness due to having to remain immobile,
since K-needles do not provide sufficient stability for
osteosynthesis).

Fixation with plates produces adhesions due to the need
for further dissection of soft tissue. In addition to soft tissue
dissection, the presence of a foreign body causes a scarring
reaction, despite the efforts of commercial companies to
make low profile plates and screws even smaller. In a
randomized study, Fujitani21 compared the results of K-
needle placement with those of low profile plates, and the
results obtained are better for the needles at both 3 and
6months, consistent with the study by Facca22 and themeta-
analysis performed by Yammine.23

The intramedullary fixation method allows cannulated
screws to be placed without causing loss of periosteum and
with minimum dissection of soft tissues, which implies that
the effects of scarring are decreased, as our clinical experi-
ence allows us to confirm.

Wehave demonstrated that the articular lesions arewithin
the ranges that allow us to use the retrograde insertion of
intramedullary cannulated screwswithout involving the bone
insertion of the extensor apparatus, which makes this a safe
technique in the treatment of fractures of the bones studied.

Our study has serious limitations, the most important of
which is the small number of anatomical models. The
approximation of surfaces to geometric figures is not perfect
either, but in this case, we deem that it is sufficiently precise
to be able to draw adequate conclusions.
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