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A B S T R A C T

Introduction: Tibial shaft fractures treated with antegrade rigid tibial intramedullary nailing has been
supported worldwide. However, the optimal inlet for nailing is still controversial. Practically, varied inlets
may significantly affect the tibial alignment. This retrospective study intended to utilize magnetic
resonance imaging (MRI) to investigate the optimal inlet for antegrade tibial nailing.
Methods: MRIs of 100 consecutive adult patients (50 men and 50 women, average 27 years) were used in
this study. All patients had MRIs for meniscus or knee ligament injuries. There were no fractures or prior
bony anomalies. The center of the tibial width (TW) at the level of the tibial tubercle (TT) was considered
the optimal inlet and was positioned on the axial view of the MRIs. Various related anatomic landmarks
were investigated concomitantly. All parameters were compared statistically.
Results: The medial edge of the patellar tendon (PT) was 55% from the lateral end of the TW. The apex of
the TT was 38% from the lateral end of the TW. The lateral edge of the PT was 19% from the lateral end of
the TW. The TT was 2.5 cm distal to the tibial articular surface. The PT width was 2.3 cm. Except for the
TW, the distance from the TT to the articular surface, and PT width between genders (p < 0.001), all other
parameters showed no statistical significance (p > 0.05).
Conclusions: The optimal inlet for antegrade rigid tibial intramedullary nailing may be at a site 3 mm
laterally to the medial edge of the PT. There are normally no differences for the nail inlet between men
and women. The PT splitting approach for nail insertion may require modification.
© 2019 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Tibial shaft fractures are common injuries, and antegrade rigid
intramedullary nailing has been the preferred treatment of choice
worldwide [1]. The advantages of this technique include a small
surgical wound, sufficient stability for fracture healing, no need of
joint immobilization, and low complication rates [2]. The reported
success rate for closed tibial shaft fractures treated with closed
reamed locked nails is as high as 100% [3].

Techniques for inserting an antegrade locked nail are still
controversial. The traditionally preferred proximal inlet is infra-
patellar and may be medial, central, or lateral to the tibial tubercle
(TT) [4,5]. Because a valgus deformity easily occurs when proximal
tibial shaft fractures are nailed, a suprapatellar or parapatellar
approach has been developed [6,7]. However, both approaches
have not been supported widely due to its intraarticular
involvement with concerns of ligament and cartilage injuries

[6,8]. A technique with infrapatellar insertion of a blocking screw
for aiding nailing of proximal tibial shaft fractures has also been
developed [9].

In principle, a locked nail should be placed centrally in the
marrow cavity. Therefore, the proximal nail inlet should be at the
center of the tibial width (TW) [10–13]. In human anatomy, the TT
is generally located laterally in the TW, which subsequently causes
the quadriceps angle to be larger than the angle of the anatomic
axis (normally, 6–7�) [14,15]. The length and width of the patellar
tendon (PT) are typically 3.9 cm and 3.2 cm, respectively with
clinical measurements [16]. When a tibial nail is inserted, the
relative location of the inlet to the PT may deeply affect whether
the nail is centralized. Practically, magnetic resonance imaging
(MRI) reveals soft tissues and has been widely used in TT studies
[17–19]. However, to the best of our knowledge, MRI has rarely
been used in tibial nail inlet studies. Theoretically, an ideal nail
inlet around the TT may be accurately positioned in an MRI
investigation. The aims of this retrospective study were to utilize
MRI to search for an ideal inlet for tibial nailing. Consequently, the
tibial nailing technique might become more predictable and
satisfactory.
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Materials and methods

This study had been approved by the Institutional Review Board
of the authors’ institution (IRB No. 201700752B0).

Establishing MRI data

From February 2017 to April 2018, 100 consecutive adult
patients (50 men and 50 women) who had undergone knee MRI
examination were included in this study. These patients were aged
18–40 years (average, 27 years), and underwent MRI for ligament
or meniscus injuries, and no fractures or bony anomalies were
noted.

All patients were placed on the MRI examining table in the
supine position without anesthesia. MRIs were obtained by a
routine knee protocol using a 1.5 T GE Signa HDe MRI machine

(Milwaukee, WI, USA) with a dedicated knee surface coil. The knee
was fully extended with the quadriceps femoris relaxed. The
interval of the MRI slices was 4 mm.

MRIs of all 100 patients were stored in the picture achieving and
communication systems (PACS) software (GE Healthcare, Wauke-
sha, WI, USA) at the authors’ institution [20]. Data around the knee
were selected for analysis.

Positioning of the TT and PT for MRI

In the frontal view of MRI, line A connecting the medial and
lateral tibial plateau surfaces was drawn (Fig. 1a). Consequently,
line A was externally rotated 3� and kept horizontal in the frontal
plane (Fig. 1b). Line B was created along the medial femoral
epicondyle and was parallel to line A (Fig. 1c). The axial view at line
B was demonstrated (Fig. 1d). Line C was drawn by connecting the

Fig. 1. A standardized magnetic resonance imaging (MRI) scan is shown: (a) Line A is drawn to connect the medial and lateral tibial plateau surfaces. (b) Line A was externally
rotated 3� and kept horizontal. (c) Line B was created at the medial femoral epicondyle and parallel to line A. (d) The axial plane was demonstrated and line C was drawn to
connect the posterior cortices of the medial and lateral femoral condyles. Line C was kept horizontal.

Fig. 2. The axial plane of the tibial tubercle (TT) is shown. Line D (parallel to line C) is drawn from the most lateral edge (point l) to the most medial edge (point m) of the tibial
width. Three lines (lines e, f, and g), which were vertical to line D were created. Line p is the midline between line e and line g. Line e was along the medial edge of the patellar
tendon (PT). Line f was at the apex of the TT. Line g was along the lateral edge of the PT.
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of the authors’ institution (IRB No. 201700752B0).

Establishing MRI data

From February 2017 to April 2018, 100 consecutive adult
patients (50 men and 50 women) who had undergone knee MRI
examination were included in this study. These patients were aged
18–40 years (average, 27 years), and underwent MRI for ligament
or meniscus injuries, and no fractures or bony anomalies were
noted.

All patients were placed on the MRI examining table in the
supine position without anesthesia. MRIs were obtained by a
routine knee protocol using a 1.5 T GE Signa HDe MRI machine

(Milwaukee, WI, USA) with a dedicated knee surface coil. The knee
was fully extended with the quadriceps femoris relaxed. The
interval of the MRI slices was 4 mm.

MRIs of all 100 patients were stored in the picture achieving and
communication systems (PACS) software (GE Healthcare, Wauke-
sha, WI, USA) at the authors’ institution [20]. Data around the knee
were selected for analysis.

Positioning of the TT and PT for MRI

In the frontal view of MRI, line A connecting the medial and
lateral tibial plateau surfaces was drawn (Fig. 1a). Consequently,
line A was externally rotated 3� and kept horizontal in the frontal
plane (Fig. 1b). Line B was created along the medial femoral
epicondyle and was parallel to line A (Fig. 1c). The axial view at line
B was demonstrated (Fig. 1d). Line C was drawn by connecting the

Fig. 1. A standardized magnetic resonance imaging (MRI) scan is shown: (a) Line A is drawn to connect the medial and lateral tibial plateau surfaces. (b) Line A was externally
rotated 3� and kept horizontal. (c) Line B was created at the medial femoral epicondyle and parallel to line A. (d) The axial plane was demonstrated and line C was drawn to
connect the posterior cortices of the medial and lateral femoral condyles. Line C was kept horizontal.

Fig. 2. The axial plane of the tibial tubercle (TT) is shown. Line D (parallel to line C) is drawn from the most lateral edge (point l) to the most medial edge (point m) of the tibial
width. Three lines (lines e, f, and g), which were vertical to line D were created. Line p is the midline between line e and line g. Line e was along the medial edge of the patellar
tendon (PT). Line f was at the apex of the TT. Line g was along the lateral edge of the PT.
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posterior cortices of both medial and lateral femoral condyles
(Fig. 1d). Line C was rotated until it became horizontal (Fig. 1d).
Overall, the reference MRI plane is shown in Fig. 1.

The MRI cursor was moved distally until the most distal
inserting site of the PT on the TT was demonstrated. Line D (points
l–m) was made by traversing the TW, which was parallel to line C
(Fig. 2). Point l was at the most lateral edge, and the point m was
vertical to the most medial edge of the tibia. Three lines were
created (lines e, f, and g) and all were vertical to line D (Fig. 2). Line
e was along the medial edge of the PT. Line f was at the apex of the
TT. Line g was drawn along the lateral edge of the PT. The lengths of
l–m, e–l, f–l, and g–l were measured, and were expressed by mm.
The ratios of e–l / l–m, f–l / l–m, and g–l / l–m were measured, and
were expressed by a percentage of the l–m length.

At this level, the sagittal view of the MRI was demonstrated
(Fig. 3). The distance between the anterior edge of the tibial
articular surface and the upper margin of the TT was measured.

Various related parameters in 100 patients were investigated
and compared. The difference between genders was also
compared.

Statistical analysis

Data were analyzed using Microsoft Office Excel 2010 (Micro-
soft Corporation, Taipei, Taiwan) software. Statistical comparison
used a two-sample unpaired Student’s t-test and p < 0.05 was
considered statistically significant. Pearson product-moment
correlation coefficient was used to study the correlation between
two samples.

Results

The data in 100 patients (50 men and 50 women) were collected
for statistical comparison. All data were shown with an average
and 95% confidence interval (CI) (Table 1).

The average age of 100 patients was 27 years (26–28 years).
There was no statistical difference between sexes (p = 0.19).

The average TW in 100 patients was 64 mm (62–66 mm). A high
statistical difference occurred between sexes (male of average
69 mm versus female of average 59 mm, p < 0.001).

The medial edge of the PT in 100 patients was 55% (54–56%)
from the lateral end of the TW. There was no statistical difference
between sexes (p = 0.63).

The average apex of the TT in 100 patients was 38% (37–39%)
from the lateral end of the TW. There was no statistical difference
between sexes (p = 0.09).

The average lateral edge of the PT in 100 patients was 19% (18–
20%) from the lateral end of the TW. There was no statistical
difference between sexes (p = 0.96).

The average center of the PT in 100 patients was 37% (36–38%)
from the lateral end of the TW. There was no statistical difference
between sexes (p = 0.92).

The average PT width in 100 patients was 23 mm (22–24 mm). A
high statistical difference occurred between sexes (male of average
25 mm versus female of average 21 mm, p < 0.001).

In the sagittal plane of MRI, the average distance between the
anterior edge of the tibial articular surface and the upper margin of
the TT in 100 patients was 25 mm (24–26 mm). A high statistical
difference occurred between sexes (male of average 26 mm versus
female of average 23 mm, p < 0.001).

The correlation between the apex of the TT and the center of the
PT in 100 patients was 0.84. However, there was statistical
significance between the two groups (38% vs. 37%, p = 0.02).

The correlation for the TW and the PT width in 100 patients was
0.71.

The correlation for the TW and the articular distance in 100
patients was �0.16.

Discussion

Anatomically, if the nail is placed laterally to the center of the
TW of the proximal tibia, a varus knee will be caused [21]. The
mechanical axis and anatomic axis of the tibia are identical [22].
Therefore, central or slightly medial placement of nailing is
essential. In the current study, the medial edge of the PT was
located slightly medial to the TW center (55% from the lateral end
of the TW, about 3 mm). Thus, a skin incision along the medial edge
of the PT should be most reasonable [23]. With retraction of the PT
laterally, the nail inlet is created 0–3 mm laterally. Under this
situation, the tibial alignment should be most ideal (Fig. 4).

In the current study, the apex of the TT was slightly medial to
the center of the PT (38% vs. 37% from the lateral end of the TW,
p = 0.02, correlation coefficient of 0.84). Therefore, splitting the PT

Fig. 3. The sagittal view of the magnetic resonance imaging scan is shown. The
distance between the anterior edge of the tibial articular surface and the upper
margin of the tibial tubercle (TT) was measured.

Table 1
Comparison of various parameters related to tibial nail inlet (n = 100).

Parameter Total patients Men Women p value
(n = 100) (n = 50) (n = 50)

Age (yr) 27 (26–28) 28 (26–30) 26 (24–28) 0.19
Tibial width (mm) 64 (62–66) 69 (67–71) 59 (57–61) <0.001
Medial edge (%) 55 (54–56) 55 (54–56) 55 (54–56) 0.63
Apex (%) 38 (37–39) 39 (38–40) 38 (37–39) 0.09
Lateral edge (%) 19 (18–20) 19 (18-20) 19 (18–20) 0.96
Center (%) 37 (36–38) 37 (36–38) 37 (36–38) 0.92
PT width (mm) 23 (22–24) 25 (24–26) 21 (20–22) <0.001
Articular distance (mm) 25 (24–26) 26 (25–27) 23 (22–24) <0.001

Apex, apex of the tibial tubercle; Articular distance, distance from the tibial tubercle
to articular surface; Center, center of the PT; Lateral edge, lateral edge of the PT;
Medial edge, medial edge of the PT; PT, patellar tendon.
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to create the nail inlet should be inadequate [5,12,24]. Under this
situation, the tibial shaft and knee will become varus.

The PT width was 2.3 cm in the current study. This value was
smaller than that reported in articles with clinical measurements
(2.3 cm vs. 3.2 cm) [16]. After all, subcutaneous soft tissues may
maximize the PT caliber and hinder accurate measurements. Direct
measurements during surgeries around the TT may be feasible.
However, this has not been reported in the literature. In the current
study, the center of the PT was 13% lateral from the TW center
(about 8 mm). The correlation between the TW and the PT width
was high (correlation coefficient, 0.71). This may indicate that men
have a wider TW and PT.

In the literature, the normal proximal medial tibial angle has
been reported to be 87� [25]. In the current study, line A was
externally rotated 3� in order to achieve a standardized reference
axis. By keeping the reference axis horizontally, all landmarks in
the frontal plane may be inspected more habitually. At the medial
femoral epicondyle level, a standardized axial plane was estab-
lished. Consequently, studies around the TT may be fulfilled more
smoothly.

For nailing of proximal tibial shaft fractures, the lateral inlet has
been recommended in the literature [26,27]. The nail is inserted
with a flexed knee, and the proximal fragment will be anteriorly
and varusly pulled by the quadriceps femoris and pes anserinus
[28,29]. Lateral insertion of a nail in the proximal fragment may

prevent the distal fragment from valgus deformity [26,27,30].
However, a varus tibia shaft will appear. To prevent this, semi-
extension of the knee by pushing the patella slightly laterally by
enlarging the medial skin incision whenever necessary may be
used to achieve satisfactory results [31,32].

The wider TW and larger interspace from the TT to the articular
surface between genders should be related to the body height
between men and women. However, the correlation between the
two parameters is small (correlation coefficient, �0.16). In the
literature, men have a longer tibia of 4 cm as compared to women
[33]. For nails with a similar caliber, inserting techniques in men
may be easier. In the current study, the relative location of PT on the
tibia was similar between genders (19–55% from the lateral end of
the TW). The surgical approach therefore needs no especial
alternation between genders.

In the wider population, the presence of laterally inserting
patellar tendons, genu varus and valgus deformity, and tibial
bowing may make it more difficult to define the optimum entry
point. The optimum entry point may well be better defined by the
structure of the tibial shaft than the shape of the proximal tibial
segment. The entry point may be affected by other issues in the
wider population. Simple fluoroscopy screening to determine the
alignment of the tibial medullary canal may yield a different entry
point in the wider population [31].

There are some limitations in the current study. The slice
interval of the MRI scan was 4 mm. The end of the PT on the MRI
may not be on the TT. Therefore, the exact TT may be somewhat
distal as compared to the current study. However, this discrepancy
probably did not significantly affect the measurements of the
parameters. Furthermore, the tibial contour is not round and
symmetric. The medial or lateral space of the marrow cavity may
affect the nail position [21]. Consequently, the tibial alignment
may somewhat be distorted. Fortunately, the deviation is normally
mild and clinically it may be accepted.

Conclusions

The optimal inlet of antegrade rigid tibial nailing may be at a
site 3 mm lateral to the medial edge of the PT. Men and women
normally have no difference in terms of nail inlet. The PT splitting
approach for nail insertion may require modification.
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