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Abstract

Background: Tibial shaft fractures are frequently treated with intramedullary nailing;
however, malalignment remains a concern, particularly in proximal metaphyseal fractures.
The surgical approach influenced the nail entry point; however, the three-dimensional (3D)
geometric characteristics of the entry point among different approaches remain unclear.
Methods: This single-center retrospective study included 68 patients with acute tibial shaft
fractures (AO/OTA type 42) treated with reamed and locked intramedullary nails from
January 2014 to June 2024. The surgical techniques employed included lateral parapatellar
(LPA, n = 31), infrapatellar (IPA, n = 27), and suprapatellar (SPA, n = 10) approaches.
Postoperative computed tomography (CT) data were reconstructed into standardized 3D
images. The mediolateral insertion ratio was calculated as the percentage distance from the
lateral tibial plateau edge to the nail entry point relative to the plateau’s width in the coronal
plane. The shortest distance from the tibial articular surface to the nail (r) was measured in
the sagittal plane. The Kruskal-Wallis test and Dunn’s post hoc comparisons were used
to analyze group differences. Results: Baseline patient and fracture characteristics did
not significantly differ among the groups. The mediolateral insertion ratio significantly
differed (p < 0.0001), with a more lateral entry for the LPA (44.0% [43.0-47.0]) than for the
IPA (51.0% [49.0-53.0], post hoc p < 0.0001) and SPA (49.0% [47.0-51.3], post hoc p = 0.0034).
Further, the sagittal distance r significantly differed (p < 0.0001), with a more distal entry
for the LPA (14.8 [12.8-20.1] mm) than for the IPA (9.7 [7.0-11.8] mm, post hoc p < 0.0001)
and SPA (10.5 [5.5-12.9] mm, post hoc p = 0.0008). No statistically significant difference was
observed between the IPA and SPA. Conclusions: The LPA generates a significantly more
lateral and distal tibial nail entry point than the IPA and SPA. No statistically significant
differences were detected between the IPA and SPA in either plane. These 3D-CT findings
may warrant attention during approach selection and guidewire placement, particularly
for fractures extending into the proximal metaphysis.

Keywords: Tibial shaft fractures; entry corridor; infrapatellar nailing; suprapatellar nailing;
lateral parapatellar nailing; semiextended position

1. Introduction

Tibial shaft fractures are among the most prevalent long bone injuries and are fre-
quently treated with intramedullary nailing, which is considered the standard of care
because it enables stable fixation with minimal soft tissue disruption and early mobiliza-
tion [1-3]. However, malalignment remains a clinically relevant complication, particularly
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in fractures that involve the proximal or distal metaphysis [1,4-6]. An inappropriate nail
entry point has been identified as a key factor that contributes to malalignment, as it affects
the association between the nail and the mechanical axis of the tibia [7,8]. Therefore, select-
ing an optimal entry point is crucial for achieving and maintaining alignment throughout
the procedure.

Several surgical approaches have been developed to access the tibial entry point. The
conventional infrapatellar approach (IPA) in knee flexion is extensively employed and
familiar to many surgeons; however, it makes alignment control challenging because of
the changing tibia orientation with knee flexion, and the patellar tendon must be split or
retracted [9,10]. To address concerns regarding anterior knee pain associated with patellar
tendon splitting and the difficulty of controlling alignment with the tibia in flexion, the
SPA using a semiextended position was introduced, enabling nail insertion through the
patellofemoral joint while maintaining the limb closer to the functional weight-bearing
axis [4,9,11,12]. However, this intraarticular trajectory raises concerns about potential
patellofemoral cartilage damage. More recently, extra-articular techniques, including the
LPA, have been proposed to avoid intra-articular violation and reduce anterior knee pain
by inserting the nail lateral to the patellar tendon without entering the joint [1,3,10,13,14].
Recent comparative studies have investigated suprapatellar (SPA), IPA, and LPA or extra-
articular approaches in terms of alignment, knee function, and pain. However, these
investigations have primarily relied on clinical outcomes and two-dimensional (2D) radio-
graphs rather than direct three-dimensional (3D) assessments of the entry point [15-18].

Previous clinical and radiographic studies have compared these approaches in terms
of postoperative alignment, anterior knee pain, and complication rates [2,4,9,11,13]. Some
reports have indicated that semiextended techniques may improve alignment in proximal
fractures; however, others have focused primarily on pain and functional outcomes of the
procedure. Moreover, most prior investigations have indirectly investigated the entry point
using 2D radiographs, which are affected by projection errors and do not fully capture
the 3D relationship between the nail and the tibial plateau [7,8]. Consequently, the actual
mediolateral and proximal-distal positions of the nail entry point associated with different
approaches remain insufficiently clarified, particularly when comparing LPA, IPA, and SPA
within a single cohort.

Three-dimensional computed tomography (3D-CT) permits the standardized evalua-
tion of the nail entry point in both the coronal and sagittal planes, thereby providing more
accurate geometric information than plain radiographs [5,19]. A better understanding of
how each approach impacts the entry point location may help surgeons select the most
appropriate technique for specific fracture patterns, especially when the fracture line ex-
tends into the proximal diaphysis, where small deviations in the entry point translate into
clinically relevant malalignment.

Therefore, this study aimed to compare the 3D entry point positions of tibial in-
tramedullary nails among the LPA, IPA, and SPA using postoperative 3D-CT reconstruc-
tions. We hypothesized that the LPA would lead to a more lateral and distal entry point
than the IPA and SPA and that these geometric characteristics may have implications for
coronal alignment control, particularly in fractures that involve the proximal metaphysis.

2. Materials and Methods
2.1. Study Design and Ethical Considerations

In this single-center retrospective observational study, we screened all consecutive
patients who underwent intramedullary nailing for tibial shaft fractures from January 2014
to June 2024 at Fukuyama City Hospital for eligibility criteria. The Institutional Review
Board (IRB) of Fukuyama City Hospital approved the study protocol (approval no. 846;
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29 November 2024). The IRB waived the requirement for written informed consent; instead,
participants or their guardians were informed about the study via an opt-out notice posted
on our hospital website and displayed in the hospital. All data were anonymized before
analysis, and the study was conducted following the Declaration of Helsinki guidelines.

2.2. Patient Selection

All consecutive patients who underwent intramedullary nailing for acute tibial shaft
fractures at our institution during the study period were screened for eligibility criteria.
Inclusion criteria were (1) the presence of an acute tibial shaft fracture classified as AO/OTA
type 42; fracture location (proximal/middle/distal third) was determined according to
the AO/OTA classification for the tibial diaphyseal segment [20]; (2) surgical treatment
with intramedullary nailing performed at our institution; and (3) availability of postop-
erative CT images. Exclusion criteria were (1) pathological, periprosthetic, or refractures;
(2) incomplete imaging data; and (3) additional plate fixation performed in combination
with intramedullary nailing. At our institution, postoperative CT is routinely performed
following tibial intramedullary nailing; however, in a small proportion of cases, CT was
not obtained because of clinical considerations and/or practical constraints. Accordingly,
the final analysis included 68 patients who met the inclusion criteria.

2.3. Surgical Approaches

The attending surgeon identified the surgical approach based on the fracture pattern
and intraoperative considerations. LPA is defined as a skin incision lateral to the patellar
tendon, enabling extra-articular insertion of the nail. The knee was positioned in a semiex-
tended position. Direct intraarticular exposure was avoided in all cases. IPA is defined as a
midline longitudinal incision over the patellar tendon with the knee flexed, and the nail
was introduced using a patellar tendon-splitting approach. SPA is defined as a longitudinal
SPA incision, and a specialized trocar system was inserted through the patellofemoral
joint with the knee maintained in a semiextended position. Of the 68 patients, 31, 27, and
10 underwent LPA, IPA, and SPA, respectively. The distribution of surgical approaches
over time is summarized in Table S1.

2.4. Implants

Reamed and locked intramedullary tibial nails were used for all fractures. Six com-
mercially available tibial nail systems from the following four manufacturers were utilized:
the Expert Tibial Nail and Tibial Nailing System (DePuy Synthes, Raynham, MA, USA),
T2 Tibial Nailing System (Stryker, Kalamazoo, MI, USA), Natural Nail Tibial System and
Phoenix Tibial Nail (Zimmer Biomet, Warsaw, IN, USA), and TRIGEN Meta-Nail tibial
system (Smith & Nephew, Memphis, TN, USA). All implants had similar proximal bends
and entry-point designs. The distribution of implant systems by surgical approach is
summarized in Table S2.

2.5. Imaging Protocol and Reconstruction

Postoperative CT scans (slice thickness, 1 mm) were routinely obtained after surgery
and were available for all included cases. CT data were reconstructed into 3D images
utilizing a SYNAPSE VINCENT workstation (Fujifilm, Tokyo, Japan) (Figure 1A). The
workstation’s bone extraction tools were used to segment the tibia and intramedullary
nail, followed by manual refinement when necessary to remove non-target structures and
reduce metal-related artifacts.
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Figure 1. Postoperative CT data reconstructed into 3D images. (A) Images were reconstructed using
the SYNAPSE VINCENT workstation (Fujifilm, Tokyo, Japan). (B) Frontal 3D reconstructed image.
The transverse diameter of the tibial articular surface was defined as a, and the distance from the
lateral edge of the articular surface to the intramedullary nail insertion point as b. The red arrow
indicates a, and the blue arrow indicates b. (C) Lateral 3D reconstructed image. The shortest distance
(r) from the tibial articular surface to the intramedullary nail was measured along a perpendicular
line drawn from the articular surface. The red line indicates r.

To standardize coronal and sagittal measurements, a tibial coordinate system was first
established using the scanned tibial length (Ltibia_scan), measured as the cranio—caudal
distance between the axial slice containing the tibial plateau articular surface (proximal
reference) and that containing the tibial plafond (distal reference). Two axial cross-sections
at 30% and 70% of Ltibia_scan (from the proximal reference) were subsequently selected.
On each cross-section, the centroid of the tibial shaft was identified based on the cortical
outline, and the line connecting the two centroids was defined as the tibial longitudinal
axis (Z-axis).

The 3D volume was then reoriented by aligning the Z-axis with the vertical axis to
minimize overall tilt. Axial rotation was adjusted by rotating the model around the Z-axis
until a true lateral tibial profile was obtained, defined as minimal rotational asymmetry of
the posterior cortical contours. Based on this orientation, the sagittal plane was defined
by the true lateral orientation, and the coronal plane was defined as the orthogonal plane
containing the Z-axis.

The mediolateral direction of the tibial plateau was defined for coronal-plane mea-
surements using the most medial and lateral margins of the tibial plateau articular surface
on the reconstructed model. This process enables consistent measurement of the trans-
verse plateau width (a) and the mediolateral distance from the lateral plateau edge to
the nail entry point (b). Reorientation was validated by confirming (i) an approximately
level plateau appearance on the coronal view and (ii) a true lateral appearance on the
sagittal view. The standardized coronal and sagittal views were subsequently utilized for
quantitative measurements.

2.6. Measurement Parameters

Two measurements were performed. (1) Coronal plane analysis: The transverse
diameter of the tibial plateau was defined as a. The distance from the lateral edge of the
plateau to the center of the nail insertion point is defined as b. The mediolateral insertion
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ratio was calculated as (b/a) x 100 (%) (Figure 1B). A lower mediolateral insertion ratio
indicates a more lateral entry point. (2) Sagittal plane analysis: The shortest distance
(r) between the tibial plateau surface and the intramedullary nail was measured along
a perpendicular line drawn from the plateau (Figure 1C). This distance indicates the
proximal-distal relationship of the insertion site.

Two orthopedic surgeons who were blinded to the surgical approach independently
performed all measurements. The average of the two observers’ measurements was used
for the analyses. A two-way random-effects intraclass correlation coefficient (ICC) was
used to assess interobserver reliability for absolute agreement based on the mean of two
observers (ICC(2, k)), with 95% confidence intervals.

2.7. Outcomes

The primary outcome includes the difference in the nail insertion point among the
three approaches in both the coronal and sagittal planes. The secondary outcome involves
a pairwise comparison of the insertion points between the two approaches.

2.8. Statistical Analysis

Continuous variables are presented as mean (range) or median [interquartile range],
as appropriate. Categorical variables were compared using the chi-square test or Fisher’s
exact test, as appropriate. The Shapiro-Wilk test was used to assess the normality of the
data distribution. As the data were nonnormally distributed, the Kruskal-Wallis test was
conducted to compare the three groups. Post hoc pairwise comparisons were conducted
using Dunn’s multiple comparison tests. A p-value of <0.05 indicated statistical significance.
Prism 10 (GraphPad Software, San Diego, CA, USA) was used for all analyses.

3. Results
3.1. Patient Characteristics

This study included 68 patients (23 females, 45 males; mean age, 55.9 years; range,
16-104 years). The right and left tibia were affected in 40 and 28 cases, respectively. Ac-
cording to the AO/OTA classification, 41 (60.3%), 26 (38.2%), and 1 (1.5%) fractures were
types 42A, 42B, and 42C, respectively. Fracture location was categorized as proximal
5 (7.4%), middle 27 (39.7%), and distal 36 (52.9%). An open fracture was present in 27 cases
(39.7%). The distribution of surgical approaches was LPA, IPA, and SPA in 31 (45.6%),
27 (39.7%), and 10 (14.7%) patients, respectively. The mean operative time was 119 min
(range, 69-215 min). Patient and fracture characteristics, including age, sex, side, fracture
type, fracture location, and open fracture status, did not significantly differ among the
three groups (Table 1). No intraoperative complications related to the insertion approach
were observed.

Table 1. Patient and Surgical Characteristics.

Variable All (n = 68) LPA (n=31) IPA (n =27) SPA (n =10) p-Value
Age (years) 55.9 (16-104) 53.9 (18-91) 56.1 (16-104) 58.9 (20-85) 0.827
Sex
Female 23 8 9 6 0.143
Male 45 23 18 4
Side
Right 40 12 11 5 0.845
Left 28 19 16 5
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Table 1. Cont.
Variable All (n = 68) LPA (n=31) IPA (n =27) SPA (n =10) p-Value
Fracture type
42A 41 19 18 4
42B 26 12 9 5 0218
42C 1 0 0 1
Fracture location
proximal 5 2 1 2
middle 27 15 8 4 0237
distal 36 14 18 4
Open fracture 27 (39.7%) 14 (45.2%) 9 (33.3%) 4 (40.0%) 0.629
Operative time (min) 119 (69-215) 121 (75-184) 121 (69-215) 106 (75-155) 0.267

Abbreviations: LPA, lateral parapatellar approach; IPA, infrapatellar approach; SPA, suprapatellar approach.
Values are expressed as mean (range) or number of patients. The Kruskal-Wallis test was used to calculate
p-values for continuous variables. The Chi-square test or Fisher’s exact test was used to calculate p-values for
categorical variables, as appropriate.

3.2. Coronal Plane Analysis

The median insertion ratio (b/a x 100%), representing the mediolateral position of
the nail entry point, significantly differed among the three approaches (Kruskal-Wallis test,
p < 0.0001). Interobserver agreement was good for the coronal mediolateral insertion ratio
(ICC(2, k) = 0.886, 95% CI 0.82-0.93).

Dunn’s post hoc analysis revealed that the LPA group had a significantly more lateral
entry point than the IPA (p < 0.0001) and SPA groups (p = 0.0034), whereas no significant
difference was observed between the IPA and SPA groups (p > 0.9999). The median insertion
ratios were 44.0% [43.0-47.0], 51.0% [49.0-53.0], and 49.0% [47.0-51.3] in the LPA, IPA, and
SPA groups, respectively. These results indicate that nails inserted via the LPA tend to
start from a more lateral entry point on the tibial plateau than those inserted via other
approaches (Table 2, Figure 2).

Table 2. Comparison of coronal and sagittal entry point measurements among the three approaches.

Parameter LPA (n =31) IPA (n =27) SPA (n =10) p-Value
Coronal (%)  44.0 [43.0-47.0] 51.0[49.0-53.0] 49.0 [47.0-51.3] <0.0001
Sagittal (mm)  14.8[12.8-20.1]  9.7[7.0-11.8]  10.5 [5.5-12.9] <0.0001

Abbreviations: LPA, lateral parapatellar approach; IPA, infrapatellar approach; SPA, suprapatellar approach.
Values are expressed as median [interquartile range]. The Kruskal-Wallis test was used to calculate p-values.

3.3. Sagittal Plane Analysis

The shortest distance () from the tibial articular surface to the intramedullary nail, rep-
resenting the proximal-distal position of the insertion, also significantly differed among the
three approaches (Kruskal-Wallis test, p < 0.0001). Interobserver agreement was excellent
for sagittal distance r (ICC(2, k) = 0.970, 95% CI 0.95-0.98).

The median distances were 14.8 mm [12.8-20.1] (range, 9.1-26.4 mm), 9.7 mm [7.0-11.8]
(range, 3.0-16.3 mm), and 10.5 mm [5.5-12.9] (range, 2.1-15.1 mm) in the LPA, IPA, and SPA
groups, respectively. Dunn’s post hoc analysis revealed that the LPA group demonstrated a
significantly more distal insertion than the IPA (p < 0.0001) and SPA groups (p = 0.0008). No
significant difference was observed between the IPA and SPA groups (p > 0.9999) (Table 2,
Figure 3). These findings indicate that the LPA tends to produce a more distal entry point
relative to the tibial plateau than the IPA or SPA.
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Figure 2. Pairwise comparison of mediolateral nail entry point ratios in the coronal plane among
the three approaches. Data are presented as box-and-whisker plots, indicating the median and
interquartile range. The whiskers represent the minimum and maximum values. p-values were based
on Dunn’s multiple comparisons test following the Kruskal-Wallis test. LPA, lateral parapatellar
approach; IPA, infrapatellar approach; SPA, suprapatellar approach.
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Figure 3. Pairwise comparison of proximal—-distal nail entry point distances in the sagittal plane
among the three approaches. Data are presented as box-and-whisker plots, indicating the median and
interquartile range. The whiskers represent the minimum and maximum values. p-values were based
on Dunn’s multiple comparisons test following the Kruskal-Wallis test. LPA, lateral parapatellar
approach; IPA, infrapatellar approach; SPA, suprapatellar approach.

4. Discussion

This retrospective 3D-CT analysis compared the nail entry points associated with the
LPA, IPA, and SPA for tibial shaft fracture nailing. The main finding was that the LPA
led to significantly more lateral and distal insertion points than the IPA and SPA, whereas
no statistically significant differences were detected between the IPA and SPA in either
the coronal or sagittal plane. These results indicate that the LPA provides a less invasive
extra-articular route; however, it may carry a higher risk of suboptimal entry alignment,
particularly for fractures that involve the proximal metaphysis.
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4.1. Coronal Plane: Lateral Deviation and Coronal Alignment

Our coronal plane analysis revealed that the LPA produced a significantly more lateral
entry point on the tibial plateau than the IPA and SPA, whereas no statistically significant
difference in mediolateral position was observed between the latter two approaches. A
lateralized entry point has been associated with valgus deformity in proximal tibial fractures
because the nail tends to follow the medullary canal toward the center of the diaphysis,
whereas the proximal fragment is displaced laterally [6,7,21-23]. Deviation toward the
lateral plateau edge increases the risk of coronal malalignment, particularly in metaphyseal
fractures [1,6-8,22,23].

In the present study, both the IPA and SPA permitted the guidewire to be placed
close to the central corridor, whereas the LPA tended to shift the entry further laterally.
With the LPA, the patellar tendon and surrounding soft-tissue envelope limit the medial
direction of the instruments; thus, surgeons often perceive that they are aiming centrally,
although the final entry point is relatively lateral. Several clinical studies have reported
acceptable overall alignment after tibial nailing using LPA or extra-articular semiextended
techniques [2,12,15-17]. However, these studies primarily relied on 2D radiographs and did
not directly quantify the mediolateral position of the entry point. Our 3D-CT analysis adds
to the literature by revealing that, even when postoperative radiographs appear satisfactory,
the LPA systematically yields a more lateral entry position than the IPA and SPA and may
place the entry point outside the recommended central corridor if no conscious effort is
made to direct the guidewire medially.

Altogether, these findings suggest the practice of intentionally aiming the guidewire
slightly medially under true anteroposterior fluoroscopic views when using the LPA to
land within the central safe zone of the plateau and prevent excessive lateral deviation. In
clinical practice, these geometric characteristics are particularly crucial in fractures that
involve the proximal metaphysis or proximal diaphysis, where even small deviations in
the coronal plane translate into clinically relevant alignment issues [6,21]. Approaches for
proximal fracture patterns that facilitate a central entry point in a semiextended position,
such as the SPA, have been advocated and are frequently preferred because they enable
easier maintenance of the mechanical axis during guidewire and nail insertion [24,25]. In
contrast, the LPA may be better suited for diaphyseal or distal extra-articular fractures. The
LPA selected near the proximal metaphysis may warrant careful attention, and surgeons
may consciously aim the guidewire more medially and consider adjuncts, such as blocking
screws, to reduce the risk of valgus deformity [25]. Because postoperative alignment
was not directly assessed, the clinical implications of the observed entry-point differences
should be interpreted cautiously.

4.2. Sagittal Plane: Distal Entry and Choice of Approach

In the sagittal plane, the LPA led to a significantly more distal insertion than the IPA
and SPA, whereas the latter two approaches showed no statistically significant differences
in proximal—-distal positions. A distal starting point reduces the amount of proximal
metaphyseal bone stock available for locking screws and may compromise fixation in
fractures that extend into the proximal metaphysis. Further, the more distal the starting
point, the shorter the lever arm with which the nail controls the proximal fragment, thereby
potentially increasing the risk of procurvatum or other sagittal malalignment in proximal
diaphyseal fractures. Previous radiographic and CT-based studies have emphasized the
importance of maintaining an appropriate relationship between the nail, joint surface, and
proximal locking screws to prevent loss of fixation and malalignment, particularly in the
metaphyseal regions [5].
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Our findings indicate that the IPA and SPA enable a relatively proximal entry point
to be achieved, despite differences in patient positioning and the trajectory of the guide
instruments. This observation is consistent with reports indicating that semiextended
SPA nailing can reproduce a starting point similar to that of the conventional IPA while
facilitating reduction and alignment control in proximal fractures [4,9,12]. These clinical
studies have generally focused on postoperative alignment and functional outcomes rather
than direct measurement of the entry point. However, they support the concept that a
semiextended technique helps maintain the mechanical axis by keeping the tibia closer to
the weight-bearing position during guidewire and nail insertion.

In contrast, the LPA in our series tended to produce a more distal entry, despite
being performed in a semiextended position. Technique descriptions of extra-articular LPA
nailing emphasize creating a cortical window slightly anterior and distal to the proximal
tibia to remain outside the joint capsule and protect the patellofemoral cartilage [1,3,26,27].
In practice, this extra-articular trajectory, in combination with lateral access around the
patellar tendon, encourages the surgeon to start a few millimeters further from the joint
surface, which is consistent with the larger plateau—nail distance observed in the LPA
group in our CT analysis. Recent clinical series of LPA or extra-articular semiextended
nailing have reported satisfactory alignment and union rates in both shaft and metaphyseal—-
diaphyseal junction fractures. However, they did not quantify the proximal-distal position
of the entry point [2,16-18]. Our 3D-CT analysis complements these studies by revealing a
systematic tendency toward a more distal entry when the LPA is employed.

From a practical standpoint, these results indicate that for fractures that involve the
proximal metaphysis or proximal diaphysis, surgeons should be cautious when using the
LPA and consciously aim for the most proximal acceptable starting point while maintaining
a perpendicular relationship to the joint surface on true lateral fluoroscopic views. In such
cases, an SPA semiextended technique may provide advantages in terms of alignment con-
trol because it combines a central entry position with easier maintenance of the mechanical
axis, whereas alignment control with the IPA in knee flexion is more challenging. The LPA
may still provide the benefits of extra-articular access and potentially reduced anterior
knee pain, as reported in previous clinical studies, for more diaphyseal or distal fractures,
where control of the proximal fragment is less critical and a slightly more distal entry may
be acceptable.

4.3. Clinical Implications

The present study has several practical implications for daily practice. First, no
statistically significant differences in the entry point positions were observed between
the IPA and SPA groups in this cohort. The mediolateral insertion ratio (b/a x 100%) in
the coronal plane provides a size-normalized measure that facilitates comparison across
patients with different tibial plateau widths. Positioning in the sagittal plane was quantified
using the absolute distance r (mm). This finding may reassure surgeons who are concerned
that the semiextended SPA may alter the ideal starting point. This is consistent with
previous clinical and meta-analytic studies reporting that SPA nailing yields alignment and
union rates similar to or better than those of the IPA, while potentially facilitating reduction
and nail insertion in a semiextended position [4,9,12]. Thus, the selection between IPA
and SPA for tibial shaft and proximal diaphyseal fractures can reasonably be based on the
surgeon’s experience, available instrumentation, and the relative importance of anterior
knee pain versus ease of alignment control.

Second, the tendency of the LPA to produce lateral and distal entry points emphasizes
the need for careful attention to guidewire placement when using this technique, as previ-
ously reported. Several clinical series have indicated that LPA or extra-articular semiex-
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tended approaches achieve satisfactory alignment, union, and functional outcomes, and
may even reduce anterior knee pain compared with traditional IPA nailing [10,15-18,28].
However, these studies have largely relied on 2D radiographs and clinical scores without
directly quantifying the 3D entry point. Our CT-based findings indicate that, despite accept-
able overall alignment on radiographs, the LPA systematically yields a more lateral and
distal starting point than the IPA or SPA. Surgeons using the LPA should be particularly
vigilant regarding coronal and sagittal alignments in fractures that involve the proximal
metaphysis or proximal diaphysis, where small deviations in the entry position can trans-
late into valgus or procurvatum deformities. In practice, this may include consciously
aiming the guidewire more medially and proximally under true anteroposterior and lateral
fluoroscopic views and considering adjuncts, including blocking screws and semiextended
positioning, when treating proximal fracture patterns.

Third, to help clinical interpretation, our mediolateral insertion ratio can be viewed
in the context of previously described “target corridors” for tibial nail entry points [1].
Previous anatomic and radiographic studies have recommended a relatively central starting
point within the proximal tibial plateau to reduce the risk of malalignment, particularly in
proximal fracture patterns [29,30]. In the present study, we did not impose a single strict
corridor threshold or calculate out-of-corridor rates because such corridors differ across
implant systems and imaging definitions; however, our data consistently indicate that the
LPA generates a more lateral starting point than the IPA or SPA. Therefore, when using
the LPA, surgeons should be mindful of maintaining the entry point within an appropriate
medial-lateral corridor under standard true anteroposterior and lateral fluoroscopic views,
especially for fractures that involve the proximal diaphysis/metaphysis.

Finally, our results may help refine the approach selection according to the fracture
location. A slightly more distal entry may be acceptable for more diaphyseal or distal extra-
articular fractures, because control of the proximal fragment is less critical, and the LPA may
provide the advantages of extra-articular access, easier positioning, and potentially less
anterior knee pain, as reported in previous studies. In contrast, for fractures extending into
the proximal metaphysis or proximal diaphysis, our data support the use of approaches
that facilitate a central and relatively proximal entry point, including the semiextended
SPA or carefully performed IPA nailing, while reserving the LPA for cases in which its
benefits clearly outweigh the potential risk of suboptimal entry alignment. Therefore,
incorporating 3D information about entry point geometry into preoperative planning may
improve decision-making and help optimize both alignment and functional outcomes in
tibial intramedullary nailing.

4.4. Strengths and Limitations

This study had several strengths. We used postoperative 3D-CT reconstructions to
standardize the evaluation of the nail entry point, which is more accurate than simple
2D radiographs. All cases were treated with reamed and locked tibial nails with similar
proximal geometries, which minimize the effect of the implant design on the entry point.
Further, all surgeries were performed at a single institution, which reduced the variability
in the surgical technique and postoperative imaging.

However, this study has limitations to be acknowledged. First, this retrospective,
single-center study comprised an imbalanced sample size across approach groups, partic-
ularly the SPA group, and approach selection was at the surgeon’s discretion. Therefore,
selection bias, temporal (learning-curve) effects, and residual confounding cannot be ex-
cluded. Second, we focused on entry-point geometry and did not evaluate postoperative
alignment or other clinical outcomes (e.g., union or anterior knee pain). Thus, the clinical
implications of the observed differences should be interpreted as hypothesis-generating.
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Third, our CT-based evaluation quantified the entry point only in the coronal and sagittal
planes, and the cohort was restricted to patients with available postoperative CT. Further,
multiple nail systems were employed, and a small implant-specific influence cannot be
fully excluded. These factors may limit generalizability.

4.5. Future Directions

Despite these limitations, our results provide useful information regarding the ge-
ometric characteristics of the nail entry point related to the three commonly employed
approaches for tibial nailing. Future prospective studies with larger cohorts are war-
ranted to confirm the present findings and investigate the association between entry point
deviation and clinical outcomes, particularly in proximal tibial fractures.

5. Conclusions

This retrospective 3D-CT study revealed that the LPA for tibial shaft fracture nailing
was associated with a significantly more lateral and distal nail entry point than the IPA
and SPA, whereas no statistically significant difference was detected between the IPA
and SPA groups. Surgeons should consider that the LPA may be associated with coronal
malalignment, particularly when fractures extend into the proximal diaphysis, and should
pay careful attention to guidewire placement and alignment. For such fractures, the SPA in
a semiextended position may facilitate achieving the intended entry point and mechanical
axis compared with the conventional IPA with knee flexion.
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the Mann-Whitney test.
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Abbreviations

The following abbreviations are used in this manuscript:

2D Two-dimensional

3D Three-dimensional

AO/OTA  Arbeitsgemeinschaft fiir Osteosynthesefragen/Orthopaedic Trauma Association
ICC Intraclass correlation coefficient

IPA Infrapatellar approach

IRB Institutional review board

LPA Lateral parapatellar approach

SPA Suprapatellar approach
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