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Predicting ‘sagittally unstable
intertrochanteric fractures’ that
require direct manipulation for
reduction: a fracture morphology
analysis
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Sagittally unstable intertrochanteric fracture (SUITF) is the posterior displacement of the shaft
fragment (posterior sagging, [PS]) which causes difficulty in achieving an acceptable closed reduction
in lateral view. This study aimed to validate the morphological characteristics of SUITF. Data of
patients with acute intertrochanteric fractures who underwent surgery were retrospectively reviewed.
Altogether, 382 patients were enrolled and classified into the PS and control groups, based on the
presence of PS. We obtained morphological characteristics on plain radiographs based on literature
(Long medial beak, anterosuperior obliquity, lesser trochanter (LT) detachment, extramedullary
beak, and V shape cortical defect). Comparison between groups and multivariable analysis were
performed using a multiple Firth logistic regression analysis. For all morphological characteristics,
the proportion of patients was significantly higher in the PS group than in the control group. In the
multiple Firth logistic regression analysis, ‘long medial beak distal to lesser trochanter (LT)’ (OR, 7.93;
95%Cl: 1.72-36.59; P=0.008); ‘anterosuperior obliquity’ (OR, 23.87; 95%Cl: 1.37-415.54; P=0.030);
‘LT detachment,’ (OR, 10.15; 95%Cl: 2.03-50.83; P=0.005); and ‘extramedullary beak’ (OR, 39.47;
95%Cl: 2.14-727.26; P=0.013) were significantly associated with PS presence. These morphological
characteristics will be helpful in preoperative detection of SUITF for direct manipulation of fractures.

Closed reduction with traction on the fracture table, followed by internal fixation, can manage intertrochanteric
fractures (ITFs) in most cases'. Gadegone et al. reported that 86% of ITFs were reduced using closed means?.
However, some cases cannot be reduced in a closed manner and a higher incidence of complications exists in
poorly reduced ITFs**. One of the typical displacements of ITFs is the proximal fragment, which is displaced
posteriorly after closed reduction. Displacement in this typical direction can cause excessive collapse of the
proximal fragment even if the amount of displacement is minimal. Thus, Carr emphasized bone-to-bone contact
of both the anterior and medial cortices to prevent excessive collapse of the fracture site®. By placing the proximal
fragment in the extramedullary position, initial stability is achieved in the coronal and sagittal planes, resulting
in a lower probability of excessive sliding.

Contrary to the typical ITF, sagittally unstable intertrochanteric fracture (SUITF) is a type of ITF in which
the shaft fragment is highly displaced posteriorly. SUITF presents difficulty in achieving acceptable reduction in
a closed manner in the lateral view® (Fig. 1). In SUITF, sagittal malalignment with a fracture gap is excessively
large to allow for in situ fixation. Thus, direct manipulation is required for reduction of this fracture pattern,
and open or percutaneous reduction techniques have been reported for the same®’. If SUITF can be detected
preoperatively through radiographs, surgeons can envision a sequence of reductions preoperatively and prepare
reduction tools or instruments to cope with sagittal malalignment.

Previous studies have separately described distinguishable fracture morphology for SUITF (Table 1)6-1°.
However, these studies provided only simple descriptions. A qualitative comparative analysis of the comprehensive
fracture morphology of SUITF is yet to be conducted. A lack of comprehensive evaluation limits our understanding
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Fig. 1. Sagittally unstable intertrochanteric fracture (SUITF). (a) Preoperative anteroposterior and translateral
radiograph of hip presenting morphological characteristics of SUITE. (b) Intraoperative radiograph
demonstrates posterior sagging of the SUITF despite traction.

« Oblique fracture surface of distal fragments faces anterosuperiorly in lateral view
Chun et al. (2011) « Long medial beak or a part of the intact lessor trochanter on proximal fragment
« Traction: proximal fragment is flexed and shaft fragment falls posteriorly

« Long medial beak on the proximal fragment in AP view

« Medial spike of proximal fragment remained outside the shaft in CT view

Sharma et al. (2014) | « Greater flexion when a more end on appearance of proximal fragment

« Underlying lesser trochanter probably affecting a passive flexion of proximal fragment
« Traction: the anterior displacement of the head and neck fragment persisted

« Proximal anterior and medial long oblique fracture

Zhangetal. 2017) | A V-shape cortical defect in the distal fragment on the externally rotation X-ray

« Evident flexion and anterior displacement of the proximal fragment

Hao et al. (2023) « Femoral shaft showed posterior sagging

o Fragment comprising the head and neck was situated anteriorly relative to the shaft
Li et al. (2024) « Proximal anterior and medial long oblique fracture
« Medial portion of the proximal fragment encompassed a segment of lesser trochanter

Table 1. Morphological descriptions of sagittally unstable intertrochanteric fractures in literature. AP,
anteroposterior; CT, computed tomography.

of SUITF and surgical preparation. Therefore, we aimed to statistically evaluate fracture morphology of SUITFE. The
null hypothesis of the present study was that SUITF and morphological characteristics did not demonstrate a
relationship, as described previously. The purpose of present study was to validate the morphological characteristics
of SUITE

Materials and methods

This study was performed in line with the principles of the Declaration of Helsinki. This study was approved
by the Institutional Review Board of Korea University Guro Hospital (IRB No. K2024-3021-001). A waiver for
written informed consent was granted. Data collection was performed in accordance with relevant guidelines
and regulations issued by the committee.

Data of patients with acute ITF who underwent surgery between January 2017 and December 2020 at a
single university hospital were retrospectively reviewed. Initially, 548 patients were included in this study. We
excluded the patients who had AO/OTA type A3 fractures!! (n==81), irreducible ITF'? (n=13), nondisplaced
ITF (n=62), pathologic fractures (n=5), previous fracture history at the intertrochanteric area (n=1), and peri-
implant fractures (n =4). Finally, 382 patients were enrolled in this study. We classified patients into the posterior
sagging (PS) and control groups according to the presence of PS (described below and Fig. 1).

Radiographic measurements

The morphological characteristics of SUITF were evaluated using preoperative radiographs and computed
tomography (CT) scans based on the descriptions proposed by Chun et al.®Sharma et al.”Zhang et al.3Hao et
al®and Li et al.' (Table 1).

Long medial beak
For assessment of ‘long medial beak on the proximal fragment in anteroposterior (AP) view’®%!%we set a criterion
for beak length on AP view because no objective criteria for long medial beak’ were established. Transverse lines
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were set to divide LT into one-third perpendicular to the femoral shaft axis. Patients with a medial beak distal to
the distal one-third of the lesser trochanter (LT) were included. The second criterion was defined as the lower LT
margin. If the medial beak was distal than two-third of the LT regardless of whether distal to the LT lower margin
or not, it was assessed as ‘long medial beak distal to LT distal one-third’ If the medial beak was distal than the
lower margin of the LT, it was assessed as long medial beak distal to LT lower margin’ Patients with ‘long medial
beak distal to LT lower margin’ were classified as having a long medial beak distal to LT distal one-third, and
were not separately grouped. Preoperative radiographs were obtained to measure medial beak length. Because
the proximal fragment is commonly flexed and shortened in the AP view, we confirmed the relationship between
the medial beak and lower margin of the LT using three-dimensional (3D) computed tomography (CT) (Fig. 2).

Anterosuperior obliquity

“Oblique fracture surfaces of distal fragments that face anterosuperiorly in the lateral view”*® were assessed
in the hip translateral view (Fig. 3). We evaluated the obliquity of the fracture based on the distal fragments
(anterosuperior) because the proximal fragment could have a flexion deformity with some external rotation
in the SUITE The angle of obliquity was not measured because it can change according to the angle of the
translateral view.

»6,8

LT detachment

“Completely detached LT fragment or a part of proximal fragment”®’ was assessed in hip AP view. Only LT
fragment with complete fracture line was evaluated as “LT detachment.” If there was incomplete fracture line
without displacement, it was not assessed as “LT detachment” (Fig. 2).

»6,7

Extramedullary beak
“Medial spike of proximal fragment located in extramedullary position for shaft fragment” was assessed
in both hip AP and hip translateral view. When proximal fragment was medial for shaft fragment in AP or
anterior for shaft fragment in translateral view displacement of at least one cortex distance, it was assessed as
“extramedullary” (Fig. 3).

V-shape defect

“V-shape cortical defect in the distal fragment on the externally rotation X-ray”® was assessed in hip AP and
external oblique view. A clear V-shape fracture margin on the shaft fragment was assessed as a “V-shape defect”
(Fig. 4).

Fig. 2. Radiograph and three-dimensional CT for long medial beak and displaced LT fragment. Transverse
lines are set to divide the LT into one-third perpendicular to femur shaft axis (a, b). If the medial beak
(asterisk) is distal than two-thirds of the LT (dotted line), it is assessed as ‘long medial beak distal to LT distal
one-third. If the medial beak is distal than lower margin of LT (solid line), it is assessed as ‘long medial beak
distal to LT lower margin’ (a) In the anteroposterior radiograph, the medial beak is located within the LT distal
one-third, and a completely fractured LT is noted. (b) When the view is reformatted considering the flexion

of proximal fragment in the 3D CT scan, the medial beak is distal than the LT lower margin. We counted this
case as ‘long medial beak distal to LT lower margin’ (c) The LT fragment is placed along the proximal fragment
which aggravated flexion deformity of the proximal fragment. CT, computed tomography; LT, lesser trochanter.
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Fig. 3. Radiograph and three-dimensional (3D) CT for anterosuperior obliquity and extramedullary beak.
(a) In the translateral view, oblique fracture surface of distal fragment for SUITF (white arrows) faces
anterosuperiorly. (b) Fracture surface of typical intertrochanteric fractures faces posterosuperiorly (white
arrows) restricting anterior displacement of proximal fragment. Medial (c) and lateral (d) views of the 3D CT
scan for SUITFE, sequentially. (c) Proximal fragment located at the extramedullary position appears shallow
without a posterior cortex. (d) Contrary to the flexed anterior proximal fragment with a posterior fracture
surface, the posterior coronal fragment is located next to the shaft fragment without malalignment.

CT, computed tomography; SUITE, sagittally unstable intertrochanteric fracture.

Fig. 4. External rotation radiograph for a V-shape cortical defect. (a) A V-shape cortical defect (black arrow)
is observed in the external rotation radiograph of a sagittally unstable intertrochanteric fracture. (b) Cortical
defect from the medial beak (black arrow) is combined with the defect caused by the lesser trochanter
fragment (black arrowhead), resulting in an ambiguous defect for assessment.
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PS group Control group

(n=26) (n=356) P-value
Age (years) (ranger45-91) | (range, 26-101) | %402
Sex 0.050
Male 3 (12%) 105 (30%)
Female 23 (88%) 251 (70%)
Side 0.229
Right 15 (58%) 162 (45%)
Left 11 (42%) 194 (55%)
Fracture classification (AO/OTA) 0.007
Al 2 (8%) 117 (33%)
A2 24 (92%) 239 (67%)

Table 2. Demographic data and fracture classification. PS, posterior sagging.

PS group (n=26) | Control group (n=356) | P-value

Long medial beak

Distal to LT distal one-third | 24 (92%) 141 (40%) <0.001
Distal to LT lower margin 13 (50%) 29 (8%) <0.001
Anterosuperior obliquity 26 (100%) 58 (16%) <0.001
LT detachment 24 (92%) 181 (51%) <0.001
Extramedullary beak 26 (100%) 72 (20%) <0.001
V-shape defect 10 (39%) 65 (18%) 0.012

Table 3. Comparison of morphological characteristics of posterior sagging. PS, posterior sagging; LT, lesser
trochanter.

Subsequently, we evaluated shaft fragment PS using a C-arm image. All surgeries were performed using
fracture tables. If there was a posterior displacement of shaft fragment for more than half of the neck diameter
on the translateral view despite the traction, we assessed t phenomenon as ‘PS’ and the fracture as SUITF (Fig. 1).

Morphological characteristics were compared between the PS and control groups. A multivariable analysis
was performed to assess the morphological characteristics associated with the presence of PS.

Statistical analyses

Statistical analyses were performed using the chi-square test for categorical variables and independent t-test for
continuous variables. Continuous data were expressed as means and standard deviations. Simple and multiple
Firth logistic regressions were conducted for the multivariable analysis. All statistical analyses were performed
using R software (R Foundation for Statistical Computing, Vienna, Austria) and SPSS version 25.0 (IBM Corp.,
Armonk, NY, USA). Statistical significance was set at P<0.05.

Results

Altogether, 119 patients (31.2%) had AO/OTA 31-Al and 263 (68.8%) had AO/OTA 31-A2. Among them, 2
patients (1.7%) in the AO/OTA 31-A1 group and 24 patients (9.1%) in AO/OTA 31-A2 group presented with PS
intraoperatively (P=0.007). Thus, 26 patients were classified into the PS group, and 356 patients comprised the
control group. No significant differences in age (80.73 + 8.5 vs. 78.8 £11.3, P=0.402) and laterality (58% vs. 45%,
P=0.229) were observed between the PS and control groups, respectively. The PS group had a higher proportion
of female patients than the control group (88% vs. 70%, P=0.050) (Table 2).

For all morphological characteristics, the proportion of patients was significantly higher in the PS group
than in the control group (Table 3). In the multiple Firth logistic regression analysis, “long medial beak distal to
LT lower margin” (odds ratio [OR], 7.93; 95% confidence interval [CI]: 1.72-36.59; P=0.008); “anterosuperior
obliquity” (OR, 23.87; 95% CI: 1.37-415.54; P=0.030); “LT detachment” (OR, 10.15; 95% CI: 2.03-50.83;
P=0.005); and “extramedullary beak” (OR, 39.47; 95% CI: 2.14-727.26; P=0.013) were significantly associated
with the presence of PS (Table 4).

Discussion

In general, excessive sliding and varus collapse mainly cause ITF failure, and anterior and medial cortical support
has been addressed in the literature®. Posteriorly displaced proximal fragments, which can be expressed as
subtype P or intramedullary are considered risk factors for excessive sliding'®. However, SUITF positioned as
anteriorly displaced or flexed proximal fragments can demonstrate different problems. Compared with coronal
plane reduction, which requires control of the varus or valgus alignment of the proximal fragment, the deforming
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Long medial beak

Distal to LT distal one-third | 14.95 (3.98-55.96) <0.001 |2.33(0.48-11.45) 0.297
Distal to LT lower margin 11.10 (4.75-25.96) <0.001 |7.93(1.72-36.59) 0.008
Anterosuperior obliquity 270.44 (16.17->999.99) | <0.001 | 23.87 (1.37-415.54) | 0.030
LT detachment 9.48 (2.53-35.51) 0.001 10.15 (2.03-50.83) 0.005
Extramedullary beak 207.82 (12.46->999.99) | <0.001 |39.47 (2.14-727.26) | 0.013
V-shape defect 2.83 (1.24-6.45) 0.013 0.77 (0.19-3.11) 0.716

Table 4. Simple and multiple Firth logistic regression test of each morphological characteristics on posterior
sagging. CI, confidence interval; LT, lesser trochanter.

i

Fig. 5. Difficulties of SUITE. (a) SUITF is reduced and temporarily fixed with a 2.8-mm Steinmann pin.
However, reduction loss is observed after intramedullary nailing. (b) Postoperative radiographs of the SUITF
with cerclage wiring. (c) Two weeks postoperatively, reduction loss is observed. The lateral end of the blade
is pulled into the medullary canal (white arrowhead) because of the high posterior sagging force of the shaft
fragment. SUITE, sagittally unstable intertrochanteric fracture.

force for SUITF is tremendous in the sagittal plane owing to anterior soft tissue pulling on the proximal
fragment and PS caused by gravity on the shaft fragment. Thus, additional surgical intervention—such as the
percutaneous Steinmann pin technique, anterior-posterior Hohmann retractor technique, leverage technique,
cerclage clamping, cerclage wiring, anterior plating, and provisional pin fixation—is required (Supplemental
material)®714-16, Moreover, fracture reduction loss intraoperatively is likely due to difficulty of maintaining
reduction. Even with appropriate reduction and implantation, secondary reduction loss with rotation of the
proximal fragment can occur owing to a high deforming force (Fig. 5). If the SUITF was fixed with unacceptable
reduction without appropriate bone-to-bone contact, it can result in highly increased anteversion, anterior apex
angulation, and lateral protrusion of the lag screw.

This study is clinically relevant because it enables preoperative detection of SUITF using statistically validated
characteristics (long medial beak, displaced LT, anterosuperior obliquity, and extramedullary position). Unlike
previous studies that simply list fracture morphology, this is the first study to statistically analyze these morphological
characteristics. In addition, it could result in two benefits. First, the surgeon can better prepare to reduce the non-
typical ITE From percutaneous to open procedures, direct manipulation is usually needed, during which the
deforming force, which is opposite to typical ITF, needs to be resisted. Second, these findings can optimize anesthesia
preparation to account for potential bleeding and prolonged surgical time associated with open reduction®. With
thorough preparation, reduction outcome can be improved and sufficient stability might be obtained. This, in
turn, might allow prompt weight-bearing and guarantees fracture healing.
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Of the 382 fractures, 26 (6.8%) patients in the present study demonstrated PS of the shaft fragments. Since we
excluded several fracture types during patient enrollment, this should not be interpreted as the actual frequency
of SUITE. Patients with a classic type of irreducible fracture with a long medial beak caught between the iliopsoas
and LT were excluded!?. Moreover, AO/OTA A3 type was excluded because of its inherent instability of this
fracture type. PS was observed mainly in the incompetent lateral wall (AO/OTA A2 type) group (92%). As the
lateral wall is attached to the gluteus and vastus lateralis, separation of the lateral wall from the shaft fragment
indicates a loss of muscle stabilization.

Ikuta et al. analyzed fracture patterns that were irreducible in a closed manner according to preoperative
radiographs using the position of the proximal fragment in the lateral view'”. In that study, SUITF was included
as subtype A, which is similar to the ‘extramedullary’ in the present study. In subtype A, they emphasized that
displacement of the LT fragment contributed to irreducible fractures, in which the LT fragment was placed along
the proximal fragment (Fig. 2). We also identified cases with SUITF morphology with an intact LT fragment
demonstrating less prominent sagging of the shaft fragment owing to the pulling of the iliopsoas.

In the initial comparison, all the morphological characteristics were more common in the PS group. In the
logistic regression analysis, a long medial beak distal to the LT distal one-third’ and a ‘V-shaped defect’ did not
demonstrate a significant association with PS. These two characteristics should be interpreted differently. For
long medial beak, specific criteria for beak length were not proposed in the literature regarding SUITE, despite
being mentioned®®!”. Thus, we created two sets of criteria for verifying the length of the long medial beak;
longer medial beak (distal to the LT lower margin) demonstrated a significant association in the regression
analysis. However, in the present study, the lower margin distal to the LT had only 50% SUITE, and at one-third
distal to the LT distal one-third which contained 92% SUITF is more appropriate as a criterion for long medial
beaks in terms of preoperative detection. Notably, a longer medial beak was associated with a higher possibility
of PS (31% vs. 15%). Empirically, the longer the proximal fragment the greater was the observed displacement,
and PS was strongly predicted in this case. Although a longer medial beak length is strongly associated with PS,
for preoperative detection, more attention should be paid to the length of the medial beak around the LT distal
one-third. We presume that a pulling force is exerted by the iliofemoral ligament on the proximal fragment,
which is attached to the intertrochanteric line'®. ITF with a fracture line medial or proximal to the iliofemoral
ligament can spontaneously realign during traction with the effect of ligamentotaxis. In contrast, the long medial
beak of the SUITF containing the iliofemoral ligament attachment was pulled from the hip joint, aggravating
the PS.

V-shaped cortical defects were not significantly associated with PS. Although cortical defects made from the
medial beak could be detected in the external rotation view, they were often combined with defects caused by LT
fragments, resulting in ambiguous assessment of defects (Fig. 4). As less than half of the patients in the PS group
(39%) presented with a V-shaped cortical defect, it could not be used for preoperative detection.

In typical ITF, the proximal fragments consist of the head and coronal fragments with posterior soft tissue
attachments!®. In SUITE, the anterosuperior fracture line in the lateral view formed a shallow anterior proximal
fragment with a posterior surface and no soft tissue attachment but a fracture surface (Fig. 3). Consequently,
the posterior soft tissue could not stabilize the proximal fragment, resulting in marked flexion or anterior
displacement. Moreover, the direction of the fracture plane itself cannot prevent displacement of the proximal
fragment, and extramedullary beaks are likely to occur naturally. When the proximal fragment is intramedullary,
cancellous bone impaction may occur; however, damage to the surrounding soft tissue tends to be minor. In
contrast, the extramedullary position may occur with a burst of the surrounding soft tissue. Especially, soft
tissue continuity at the end of the proximal beak may be completely lost, resulting in a flexion deformity of the
proximal fragment.

In the PS group, all the patients were aged>70 years, except for one young adult who was 46 years old
and injured from high-energy trauma. Considering that most ITF occur as fragility fractures in the elderly, the
PS group being mostly comprised by elderly individuals is plausible. However, in only one young patient, PS
appeared when morphologic characteristics were present. Regardless of age and fragility fractures, PS can occur
when morphological conditions are met, which is suitable for preoperative detection.

This study had several limitations. First, a relatively small number of patients with PS were included,
although the statistical analysis revealed a significant association. Conversely, the number of patients in the
control group was relatively large. This is because we collected data on all intertrochanteric fractures from 2017
to 2020. To overcome the limitation of a relatively small number of SUITF cases, we collected data on a large
number of ITF cases to ensure a sufficient sample size of SUITF cases could be obtained. These factors might affect
the generalizability of our findings. Second, the clinical outcomes of the enrolled patients were not evaluated.
Since we focused on morphological characteristics for preoperative detection, a comparison of clinical results
depending on preoperative detection and preparation would be meaningful. Third, although we assessed each
morphological characteristic dichotomously, each factor had quantitative differences in morphology. Lastly, the
causative effect of each characteristic on PS was not revealed. Therefore, a study based on soft tissue attachment
using MRI findings or finite element analysis is needed.

Future studies should aim to include a larger number of SUITF cases to achieve statistical power and
generalizability. It is also essential to analyze how each morphological characteristics of SUITF contribute to
specific deforming forces and cause specific types of displacement. These findings indicate that it might be possible
to individualize these reduction methods to resist specific deforming forces. Furthermore, comparative analysis of
clinical outcomes between SUITF and typical ITF cases are necessary to highlight the clinical significance of SUITF
and guide optimized treatment strategies.

In conclusion, long medial beak, anterosuperior obliquity in the lateral view, completely detached LT
fragment, and extramedullary beak of the proximal fragment were significantly associated with PS of the shaft
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fragment. These morphological characteristics will be helpful in preoperative detection of SUITF for direct
manipulation of the fracture.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on
reasonable request.
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