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Abstract : Objectives : The aim of the present study was to introduce a novel three-dimensional computed tomog-
raphy (3DCT)-based three-column classification (named “MLP classification system”) of intertrochanteric frac-
tures and evaluate its reproducibility and reliability. Methods : From September 2020 to September 2022, a total
of 258 consecutive patients (60 male, 198 female ; mean age 81.3 years) with intertrochanteric fractures were in-
cluded in this study. The fracture in each case was assessed using a novel three-dimensional computed tomogra-
phy-based three-column classification. Two examiners tested the intra and inter-observer reliability of this new
classification system using kappa variance. Results : The intertrochanteric region was divided into the medial
column, lateral column, and posterior column. Intertrochanteric fractures were documented as Mon2Lo/123Pornsass.
All fractures were classifiable into the new classification system. The intra-observer kappa values were 0.91 and
0.89, while the inter-observer kappa value was 0.82, both indicating almost perfect reliability. Conclusion : This
novel 3DCT-based MLP classification system for intertrochanteric fractures is comprehensive, and reproducible
with good agreement. It is based on proximal femur biomechanic characteristics and traumatic mechanism,
contributing to formulating more reasonable treatment protocols involving various late-model internal fixation

devices. J. Med. Invest. 70 : 524-529, August, 2023
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INTRODUCTION

Classification of femoral intertrochanteric fractures is usu-
ally based on plain X-ray findings using the Evans, Jensen,
or AO/OTA classification system (1-3). However, conventional
two-dimensional classification systems are inefficient in getting
detailed information to formulate optimal treatment protocols.
According to literature published recently, although scholars
have proposed several classification systems based on three-di-
mensional computed tomography, these systems are mainly built
based on morphological patterns of fracture fragments, without
the involvement of proximal femoral biomechanical characteris-
tics and traumatic mechanism (4-6). Moreover, the consistency
and reliability are relatively vulnerable to using these classifica-
tion methods (3, 7).

In the management of intertrochanteric fractures, cephalom-
edullary nails have been deemed to be the mainstay of internal
fixation options with the advantages of small incisions, minimal
invasion, and less blood loss (8). However, inadequate fracture
reduction and fixation are associated with high incidences of
postoperative complications such as nonunion and cut out of the
lag screw or blade (9-11). Based on the biomechanical charac-
teristics and fracture patterns of the proximal femur, various
late-model internal fixation devices have been designed for
stability augmentation (12-16). It remains confusing to use these
classification systems to formulate optimal therapeutic options
and sequential rehabilitation schedules (17). Therefore, the present
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study was conducted to propose a novel three-dimensional com-
puted tomography-based three-column classification of inter-
trochanteric fracture and to assess the inter and intra-observer
reliability, meanwhile, to optimize device choice of fixations.

MATERIAL AND METHODS

The study was approved by our institutional review board.
Written informed consent was obtained from all subjects.

The definition of three columns

According to the biomechanical characteristics of the proxi-
mal femur, three columns were defined as the medial column,
lateral column, and posterior column (Figure 1). The definitions
and demarcation between columns are described as follows : 1)
The medial and lateral columns were classified on the basis of
pressure trabecular bone and tension trabecula of the proximal
femur (18). This is mainly due to the difference in stress distri-
bution on the proximal femur in the process of walking. Thus,
the anterior demarcation line between the medial and lateral
columns was drawn in an arc from the middle femoral neck to
the middle shaft. 2) Regarding the medial column versus the
posterior column, the demarcation line was drawn vertically
across the anterior edge of the lesser trochanter (LT) base. 3)
The demarcation line of the lateral and posterior columns origi-
nated from the anterior edge of the gluteus medius attachment,
and ran obliquely to the edge of the vastus lateralis ridge. In
other words, the greater trochanter (GT) was divided into two
parts. The anterior part was classified into the lateral column,
while the posterior part was classified into the posterior column.
This is because the gluteus medius and gluteus minimus are
comprised of compartments and inserted into the posterior lat-
eral ridge and anterolateral ridge of the greater trochanter (GT)
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separately, GT fractures frequently arise as a consequence of
excessive tension of gluteus medius (19).

The medial and lateral columns work as a lever and bear
compressive stress and tensile stress respectively. In this classi-
fication, the medial column was subdivided into Mo (intact), M1
(simple fracture), and M2 (wedge or multifragmentary fracture).
The lateral column was subdivided into Lo (intact), L: (anterior
part of greater trochanter), Lz (extension between superior and
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inferior femoral neck), and Ls (below femoral neck fundus). The
posterior column is composed of the posterior part of GT, LT, and
base. This column mainly serves as the attachment site of hip
muscles including the gluteus medius and rotator muscles. It
was subdivided into Po (intact), P: (posterior part of GT), P2 (LT),
and Ps (involvement of both GT and LT). As a consequence, an
intertrochanteric fracture can be documented as Mosi2Lion2/sPosrzis
(Figure 2 and Table 1).

Figure 1.

Appearance of Three-column MLP classification of proximal femur.

M, medial column (Green area) ; L, lateral column (Red area) ; P, posterior column (Blue area). a-f present circumferential views with rotation.

L0/1/2/3

P0/1/2/3 &

Figure 2. Actual images of three-dimensional computed tomography (3D-CT) in each subtype. A intertrochanteric fracture is characterized

as MonzLonszsPornszs.

M, medial column (Green area) ; Mo, intact wall ; M1, simple fracture ; Mz, multifragmentary fracture. L, lateral column (Red area) ; Lo, intact
wall ; Li, proximal portion fracture ; Lz, intermediate portion fracture ; Ls, distal portion fracture. P, posterior column (Blue area) ; Po, intact

wall ; P1, GT fracture ; P2, LT fracture ; Ps, GT + LT fracture.
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Data collection and analysis

This study included 258 consecutive patients who were ad-
mitted to our hospital with an intertrochanteric fracture over 2
years from September 2020 to September 2022. Patients with
pathologic fractures were excluded. Both plain X-rays and 3DCT-
based reconstruction were performed for all study participants.
Two orthopedic surgeons (a senior orthopedic surgery resident
and an experienced consultant orthopedic surgeon) classified
these fracture imaging independently. The first assessment was
performed immediately following the CT examination while the
second assessment was eight weeks later. The kappa coefficient
was used to determine the inter-observer reliability (initial re-
sponses of all the evaluators) and intra-observer reliability (the
same evaluator’s responses between two evaluations with an in-
terval of eight weeks). Statistical analysis was performed using
SPSS version 25.0 (SPSS Inc., Chicago, IL, USA). All results
are expressed with 95% confidence intervals, generated by 1000
bootstrapping replications (oo = 0.05).

Table 1.

Q.L. Jiang, et al. Intertrochanteric fracture classification

RESULTS

We studied 258 patients (198 female and 60 male), with a
median age of 81.3 years (ranging from 36 to 99 years old). All
the fractures were classifiable into the new classification system.
The frequency distribution of fracture subtypes is listed in Table
2. By using the three-dimensional classification system in our
study, the intra-observer kappa values were 0.91 (JL) and 0.89
(HH), indicating almost perfect reliability, and the inter-observ-
er kappa value was 0.82, indicating almost perfect reliability.
The reproducibility and reliability of this novel classification sys-
tem appeared to be superior to several reported systems(3-7, 20,
21). A comparison between intra and inter-observer reliability in
several classification systems is listed in Table 3.

The classification of lateral and posterior columns presented
perfect consistency between intra- and inter-observers. For the
medial column, there were 19 cases (7.4%) in which the classifi-
cation was not consistent between the two examiners. The most
common reason for disagreement was the fracture line running
across the posterior and medial columns, leading to confusion in
classifying M or Ms.

The definition of subtypes in each column. A intertrochanteric fracture is characterized as MozLonzisPones.

Column

The definition of subgroups

Mo
Medial column
intact wall

M M-

simple fracture multifragmentary fracture

Lo L Lo Ls
Lateral column . proximal intermediate . .
intact wall . . distal portion fracture
portion fracture portion fracture
Po P P2 Ps
Posterior column )
intact wall GT fracture LT fracture GT + LT fracture

GT, greater trochanter ; LT, lesser trochanter.

Table 2. Frequency distribution of fracture subtypes in this study and corresponding treatment recommendation.

Fracture type n (%) Proposed Treatment modality

MoLoPis2 11 (4.2%) Conservative treatment

MoL1Pons2 6 (2.3%) Conservative treatment/fixation of LT

MiLonPon 92 (35.7%) Short cephalomedullary nails

MiLonPas 103 (39.9%) Short cephalomedullary nails, with/without fixation of LT

MiL2Pon 2 (0.7%) Long cephalomedullary nails, with/without lateral column reconstruction

M L2P2s 21 (8.1%) Long cephalomedullary nails + lateral column reconstruction + fixation of
posterior column

Mi1LsPosszs 14 (5.4%) Long cephalomedullary nails + lateral column reconstruction, with/without
fixation of posterior column

MaLonszisPorsers 9 (3.5%) Medial column support + cephalomedullary nails, with/without lateral and

posterior column reconstruction
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Table 3. Comparison between intra and inter-observer reliability in several classification systems.

Classification system (study)

Intra-observer kappa value

Inter-observer kappa value

AO/OTA-main group (Yildirim ez al.) 0.74 0.70
AO/OTA-subgroup (Yildirim et al.) 0.49 0.44
Evans- Jensen system (Yildirim et al.) 0.48 0.50
Tronzo system (Yildirim et al.) 0.53 0.55
Boyd-Griffin system (Yildirim ez al.) 0.66 0.57
Wada system (Wada et al.) 0.88 0.70
Tang system (BoYin ez al.) 0.63 0.64
MLP system (Current study) 0.91/0.89 0.82

DISCUSSION

In the process of standing and walking, the human hip joint
bears 2.3-2.8 times the weight of gravity (22). The trabecular
bone at the proximal femur is distributed regularly and order-
ly. Pressure trabecular bone and tension trabecula gradually
formed, which are similar to a lever system. The medial wall,
acting as a fulecrum, bears compressive stress (18). In the man-
agement of intertrochanteric fractures, effective medial buttress
will make a valuable contribution towards reducing the occur-
rence of postoperative complications (e.g. implant failure and
coxa vara) (16). According to the degree of stability, we divided
the medial column into intact wall (Mo), simple fracture (M:),
and multifragmentary fracture (Mz). For M fractures, reduction
with positive or neutral medial cortical support and fixation with
cephalomedullary nails is acceptable. Limited sliding between
the head-neck fragment and femur shaft can yield secondary
stability. This process is favorable to fracture healing (23). The
M: fracture is conventionally regarded as an unstable pattern,
which is approximately relative to the medial multifragmentary
fracture pattern (31A3.3) by AO classification-2018. Neverthe-
less, the occurrence of Ms fractures is much more infrequent
compared to M fractures. Furthermore, the M: fractures always
appear to be fairly hard to get a rigid buttress with an adequate
reduction. Thus, delayed ambulation will be suggested postop-
eratively, which may be associated with a higher incidence of
postoperative complications. To augment the stability of the me-
dial column, some new fixation systems, for instance, triangular
support intramedullary nail (Double Medical Technology Inc,
China) and medial sustainable nail (Weigao Medical Technology
Inc, China) have been utilized (12, 16). In this new classification
system, the identification of medial column is the primary pro-
cess of the whole assessment. Specific fracture information is
critical to optimizing fixation choices (Table 2).

On the contrary, the lateral wall of the proximal femur bears
tensile stress. Therefore, we defined the lateral column as the
region of tension bone trabecular. According to the relative posi-
tion between the fracture line and femur neck fundus, we divided
the lateral column into Lo, L1, L2, and Ls, with increasing insta-
bility. With increasing attention to the integrity and thickness
of the lateral wall, various complementary methods have been
devised for the reconstruction and fixation of this region, wheth-
er using extramedullary or intramedullary implants (24, 25).
L1 fractures are considered stable fractures and need no extra
fixation. L fractures are conventionally defined as transverse
fractures or oblique fractures. Concerning this fracture pattern,
the balance of the hip lever system has been broken, which may

lead to overload on implants. Therefore, occurrences of implant
breakage have been reported frequently (24). Whereas, long
cephalomedullary nails are recommended, with or without ad-
ditional augmentation (e.g. cerclage, screw, and plate). The Ls
fractures are defined as occurrences below the femoral neck fun-
dus in our classification system. To prolong the working length
of nails, long cephalomedullary nails combined with additional
lateral column reconstruction may be contributory to balancing
the strong moment from the hip (26). Based on the assessment
of the lateral column, the implant options and auxiliary fixation
can be properly determined.

In our observation, the fracture line involving the trochanter
runs generally from the anterosuperior edge of the GT toward
the LT. On the other hand, GT and LT fragments are frequently
poor-reduced and fixed while using extramedullary or intra-
medullary implants (27). This situation is mainly due to the
attachment of the gluteus medius, piriformis, and iliopsoas
muscle, which may produce specific fracture mechanisms (19).
Thus, we defined the region involving super-posterior GT and
LT as the posterior column. GT fracture (P1) and LT fracture
(P2) may occur individually or simultaneously (Ps). However,
the management of fractures involving the posterior column
remains ambiguous. In recent literature, it was reported that
poor reduction and fixation of LT fragments may be significantly
associated with posterior sagging of the femoral neck (28). Fixa-
tion with nonabsorbable tape (Alfresa Pharma Co., Ltd., Japan),
or twisted steel wires (Alfresa Pharma Co., Ltd., Japan) could
be an effective procedure to improve early ambulatory ability
(13, 27, 29). The optimal management of fractures involving the
posterior column still needs further research.

Based on the 3DCT reconstruction of intertrochanteric frac-
tures, the medial, lateral, and posterior columns can be assessed
respectively. The detailed fracture information in each column
may attribute to making an optimal fixation strategy. Overall
evaluation can be documented as Mo/i/2Lio/1/2/3Poss23. Therefore,
treatment protocol involving implant type, working length,
auxiliary device, and rehabilitation plan can be properly de-
termined. In this study, 103 patients (39.9%) were classified as
M. LonPas, representing the majority of intertrochanteric frac-
tures. For these patterns, short cephalomedullary nails may be
recommended, with or without fixation of LT. Another fracture
type, M:2LisPs in our classification system, indicates severe com-
minution of intertrochanteric fractures and may need long ceph-
alomedullary nails and three-column augmentation (8, 26, 30).

Our study has several limitations. First, the sample size was
relatively small. Thus, only a few cases were classified into sev-
eral less frequent fracture types (e.g. MoLi1Po/1/2, M1Li2Pon). This
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may decrease clinical application and promotion value. Second,
the recommendations for fracture treatment were based on par-
tial data from previous literature. Surgical recommendations
may require further study and systematic review. Third, accord-
ing to fracture images from 258 consecutive patients, we found
that young adults tend to have more transverse fractures or
oblique fractures from high-energy mechanisms. Thus, the dif-
ference between young and elder patients regarding bony condi-
tions, traumatic mechanisms, fracture patterns, and treatment
strategies should be taken into consideration. In conclusion, we
proposed this novel classification system for intertrochanteric
fractures based on 3DCT findings with good agreement. It is
comprehensive, reproducible, and easy to grasp compared to
other classification systems. This method is proposed on both
proximal femur biomechanic characteristics and traumatic
mechanisms. Based on the novel classification system, we can
formulate more reasonable treatment protocols involving various
late-model internal fixation devices.
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