
Clin Orthop Relat Res (2024) 482:536-545
DOI 10.1097/CORR.0000000000002834

Clinical Research

Anterior Malreduction is Associated With Lag Screw Cutout After
Internal Fixation of Intertrochanteric Fractures

Takahiro Inui MD, PhD1,2 , Yoshinobu Watanabe MD, PhD1,2, Takashi Suzuki MD, PhD2,
Kentaro Matsui MD, PhD1,2, Yoshiaki Kurata MD, PhD3, Keisuke Ishii MD, PhD2,
Taketo Kurozumi MD, PhD4, Hirotaka Kawano MD, PhD1

Received: 26 March 2023 / Accepted: 31 July 2023 / Published online: 14 September 2023
Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the Association of Bone and Joint Surgeons

Abstract
Background Lag screw cutout is a devastating complica-
tion after internal fixation of an intertrochanteric fracture.
Although the tip-apex distance (TAD) is known to be as-
sociated with this complication, another factor we thought
was potentially important—fracture reduction on an obli-
que lateral view—has not, to our knowledge, been
explored.

Questions/purposes (1) Is a well-reduced fracture position
on an oblique lateral view after internal fixation of inter-
trochanteric fracture associated with a lower odds of
postoperative cutout, independently of the TAD? (2) Is
postoperative sliding of the lag screw after fixation asso-
ciated with postoperative cutout?
Methods Patients with intertrochanteric fractures who were
at least 65 years old and who had been treated with internal
fixation in one of six facilities between July 2011 and
December 2017 were included. All patients in the study
group had lag screw cutout, and controls were selected by
risk-set sampling of age-matched and sex-matched patients
using a ratio of 4:1 for patients from each hospital. Of the
2327 intertrochanteric fractures, there were 36 patients (0.02
per person-year), with a mean age of 85 years; 89% (32)
were women. In the control group, there were 135 controls.
There was no difference in age or sex between the two
groups. Sagittal reductionwas evaluated using an immediate
postoperative oblique lateral radiograph (anterior malre-
duction versus anatomic reduction or posterior malre-
duction). The association between anteriormalreduction and
the odds of cutout was estimated by conditional logistic
regression analysis with the TAD and interaction between
the TAD and the reduced position as covariates. As a sen-
sitivity analysis, we estimated whether sliding within
2 weeks postoperatively was associated with cutout.
Results After controlling for the potentially confounding
variables of age and sex, we found that anterior malre-
duction was independently associated with a higher odds of
cutout compared with anatomic reduction or posterior
malreduction (adjusted OR 4.2 [95% CI 1.5 to 12]; p =
0.006). There was also an independent association between
cutout and larger TAD ($ 20 mm) (adjusted OR 4.4 [95%
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CI 1.4 to 14]; p = 0.01). However, the association between
cutout and reduction was not modified by the TAD (ad-
justed OR of interaction term 0.6 [95% CI 0.08 to 4]; p =
0.54). Postoperative sliding $ 6 mm within 2 weeks was
associated with higher odds of cutout after adjusting for age
and sex (adjusted OR 11 [95% CI 3 to 40]; p < 0.001).
Conclusion In patients older than 65 years with inter-
trochanteric fractures, anterior malreduction on a lateral
oblique view was associated with much greater odds of
postoperative cutout than anatomic reduction or posterior
malreduction. Because anterior malreduction is within the
surgeon’s control, our findings may help surgeons focus on
intraoperative reduction on an oblique lateral view to pre-
vent cutouts. Although this factor is a reliable indicator, the
results should be applied to cephalomedullary nails, because
there was only one patient with cutout among those with
sliding hip screws. Because this study was conducted in a
homogenous Japanese population, future studies should
focus on the association between anterior malreduction and
cutout in people of different ethnicities, adjusting for con-
founding factors such as implant type and surgeon level.
Level of Evidence Level III, therapeutic study.

Introduction

Proximal femoral fractures are among the most common
fragility fractures seen by orthopaedic surgeons in daily
practice. Although osteoporosis treatment has reduced the
incidence of this fracture in some countries, the number of
fractures worldwide is expected to increase as the absolute
number of older people increases [8, 10, 14, 30]. Two
major problems associated with this fracture are mortality
and walking impairment after injury [18, 26]. An increase
in the number of people with walking impairments in-
creases the need for social care and contributes to social
burden [8]. Therefore, finding methods to prevent post-
operative complications of this fracture, which worsen
treatment outcomes, is of great interest to both orthopaedic
surgeons and health policymakers.

Approximately half of proximal femoral fractures are
intertrochanteric fractures, and internal fixation with a
fixed-angle device that allows compression, such as a
sliding hip screw or cephalomedullary nail, is the standard
treatment [31, 32]. Internal fixation with a sliding hip screw
or cephalomedullary nail has been reported to result in a
similar likelihood of bone healing because of compression
between the neck and diaphyseal fragments [31]. One of
the most severe postoperative complications of this pro-
cedure is lag screw cutout, which is the intra-articular
penetration of cephalic fixation through the femoral head
(Fig. 1). If cutout occurs, it typically results in conversion
to arthroplasty, with a high risk of complications [5, 12].
Although the frequency of cutout is not high (range 1.0% to

6.9%) [24], the absolute number of patients experiencing
this complication is high because intertrochanteric frac-
tures are so common. Therefore, it is crucial to identify
factors within a surgeon’s control that can reduce the
likelihood of cutout.

Previous observational studies have reported that older
age, greater tip-apex distance (TAD), and poor reduction are
associatedwith a higher likelihood of cutout [2, 4, 15, 25, 29,
39]. An observational study among Japanese women sug-
gested that TAD was the most influential factor in cutout
[11]. On the other hand, recent studies have reported that
anteromedial cortex contact between the neck and di-
aphyseal fragment affects postoperative instability [6, 19,
22]. In the past decade, a method for evaluating ante-
romedial cortex contact using radiographs in the sagittal
plane has been reported in East Asia [7, 17, 19, 21, 28, 38,
40]. Reduction as seen on oblique lateral radiographs was
classified into three categories according to the relationship
between the anterior cortex of the neck fragment and the
anterior cortex of the diaphyseal fragment (Fig. 2). In ana-
tomic reduction and posterior malreduction, during
weightbearing, the distal edge of the anterolateral cortex of
the neck fragment contacts the proximal anteromedial cortex
of the diaphyseal fragment, thus causing load sharing be-
tween the fragments. In contrast, in anterior malreduction,

Fig. 1 This radiograph shows the cutout of a lag screw.
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the distal edge of the anterolateral cortex of the neck frag-
ment slides into the canal of the diaphyseal fragmentwithout
load sharing [19, 40]. Consequently, anterior reduction re-
sults in greater postoperative sliding and instability than
anatomic reduction or posterior malreduction [17, 28, 36,
38]. Although a recent meta-analysis of observational
studies suggested that anterior malreduction is associated
with cutout, the result of the pooled analysis was low in its
certainty of evidence [42]. Therefore, it is still unclear
whether anterior malreduction is associated with cutout,
which is a more clinically important outcome of inter-
trochanteric fractures than the amount of sliding. In addition,
no studies have adequately estimated whether other factors,
including confounding and interaction effects, are in-
dependently associated with cutout.

We therefore asked: (1) Is a well-reduced fracture po-
sition on an oblique lateral view after internal fixation of
intertrochanteric fracture associated with a lower odds of
postoperative cutout, independently of the TAD? (2) Is
postoperative sliding of the lag screw after fixation asso-
ciated with postoperative cutout?

Patients and Methods

Study Design and Setting

This was a case-control study nested in amulticenter cohort
of patients with intertrochanteric fractures repaired with a
cephalomedullary nail or sliding hip screw. The cohort
comprised patients from a university trauma center and five
referral hospitals in Japan.

Patients

We identified eligible patients 65 years or older who had
undergone internal fixation for intertrochanteric fractures
between July 2011 and December 2017 from the surgical
list of each hospital. We collected data on the patients’
age, sex, diagnosis, surgical procedure, date of surgery,
last postoperative hip radiographs, and other radiographs.
We excluded patients with subtrochanteric fractures,
pathologic fractures associated with malignancy, and

Fig. 2 These oblique radiographs show the sagittal reduced positions. (A) Anterior malreduction is shown here. (B) Anatomic
reduction is shown. (C) Posterior malreduction is shown. The dotted line indicates the anterior cortex of the neck and diaphyseal
fragment.
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patients for whom follow-up radiographs had not been
taken.

Selection of Cases and Controls

We identified the case group as patients whose final follow-
up radiographs showed lag screw cutout and reviewed their
postoperative radiographs during the follow-up period. We
used the date of the first observation of lag screw cutout on
postoperative radiographs and calculated its duration from
the surgery date. Other than those in the case group, we
considered all patients as candidates for the control group,
and we calculated the observational duration from the date
of the last radiograph and surgery date. We performed risk-
set sampling to choose the control group at each hospital
using the duration between surgery and cutout in the case
group and using the observational duration in the control
group. After matching sex and age (difference within 3
years of age) as confounding factors, we randomly selected
the control group in a 4:1 ratio to the case group without
allowing duplication within the matched strata [20, 37]
(Fig. 3).

During the study period, there were 2327 patients with
intertrochanteric fractures in all facilities. The total in-
cidence rate of cutout was 0.02 per person-year. A retro-
spective assessment of postoperative radiographs
identified 36 lag screw cutouts for inclusion in the case
group. Matching and risk-set sampling identified 135 pa-
tients for inclusion in the control group. In the case group,
11% were male (four patients) and 89% were female (32),
and the mean age was 85 6 8 years. On the other hand, in
the control group, 9%were male (12) and 91%were female
(123), and the mean age was 85 6 7 years (Table 1).
Among all patients with cutout, three underwent internal
fixation again, 30 underwent conversion to arthroplasty,

and the remaining three declined any further surgical pro-
cedures. There were no cases of cutout with signs sug-
gestive of infection. The mean duration between surgery
and the first observation of lag screw cutout on post-
operative radiographs was 99 6 88 days. The initial sur-
geries were performed or supervised by a board-certificated
orthopaedic surgeon of the Japanese Orthopaedic
Association. In those with fixation with cephalomedullary
nails, all nails were interlocked.

Main Exposure

Based on an oblique lateral radiograph [7] of the proximal
femur taken in the operating room immediately after sur-
gery, sagittal reduction of the anteromedial cortex contact
between the neck and diaphyseal fragment was classified
into three categories: anterior malreduction, which was the
anterior cortex of the neck fragment posterior to the ante-
rior cortex of the diaphyseal fragment; anatomic reduction,
in which both fragments were located anatomically; and
posterior malreduction, which was the position of the two
fragments opposite from the anterior malreduction [17, 36,
38, 40] (Fig. 2). Because anatomic reduction and posterior
malreduction have positive contact with the anteromedial
cortex [19, 40], they were combined. In this study, these
three classifications were divided into two groups accord-
ing to the anteromedial cortex contact (anterior malre-
duction or other reduction) as the main exposure. In all
facilities, postoperative oblique-view lateral radiographs
were taken in a patella-forward position to control rotation
of the lower extremity. Three examiners (two expert trauma
surgeons [TS, KM] and one fellowship-level trauma sur-
geon [TI]) evaluated the sagittally reduced position of 20
randomly selected postoperative oblique lateral radio-
graphs and calculated the Fleiss kappa coefficient to mea-
sure the interrater agreement of the exposure. A kappa
coefficient of 0.2 or less was considered poor agreement,
0.21 to 0.40 was considered fair agreement, 0.41 to 0.60
was considered moderate agreement, 0.61 to 0.80 was
considered substantial agreement, and 0.81 or more was
considered almost perfect agreement [23]. As a result,
Fleiss kappa as the interrater agreement for classifying the
sagittally reduced position was 0.86, interpreted as almost
perfect agreement.

Variables

After matching, we extracted the patients’ demographic,
surgical, and treatment information from the medical re-
cords. The measured variables were age, sex, injured side
(left or right), BMI (< 18.5 kg/m2, 18.5 to 25.0 kg/m2,
or >25.0 kg/m2) [41],American Society ofAnesthesiologists

Fig. 3 This flow diagram shows the patients included in this
study.
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Table 1. Demographic, surgical, and treatment data of the patients

Variable Case group (n = 36) Control group (n = 135) p value

Age in years 85 6 8 85 6 7 0.87

Sex, female 89 (32) 91 (123) 0.68

Injured side, left 53 (19) 54 (73) 0.89

BMI in kg/m2

< 18.5 26 (9 of 35) 31 (40 of 128) 0.75

18.5 to 25.0 60 (21 of 35) 58 (74 of 128)

$ 25.0 14 (5 of 35) 11 (14 of 128)

ASA-PS

1 3 (1 of 33) 2 (3 of 130) 0.96

2 49 (16 of 33) 50 (65 of 130)

3 49 (16 of 33) 48 (62 of 130)

Walking ability before injury, no aid or
with a cane

71 (25 of 35) 58 (78 of 134) 0.15

Living condition before injury, own
home

78 (28) 67 (91) 0.23

AO/OTA classification

AO31-A1 42 (15) 58 (78) 0.06

AO31-A2 44 (16) 38 (51)

AO31-A3 14 (5) 4 (6)

History of contralateral hip fracture 14 (5) 11 (15) 0.64

Waiting period for surgery

< 3 days 61 (22) 79 (106) 0.054

3 to 7 days 31 (11) 19 (26)

> 7 days 8 (3) 2 (3)

Operative time in minutes 55 6 23 49 620 0.17

Blood loss during surgery

< 20 mL 44 (16) 47 (63) 0.94

20 to 100 mL 42 (15) 42 (56)

> 100 mL 14 (5) 12 (16)

Reduction maneuver, closed 50 (18) 67 (90) 0.07

Type of implant, CMN 97 (35) 92 (124) 0.26

Nail length, short nail 89 (31 of 35) 94 (116 of 124) 0.32

TAD, $ 20 mm 33 (12) 14 (19) 0.008

Postoperative neck-shaft angle as
continuous variable

131 6 8 129 6 5 0.04

Postoperative neck-shaft angle as
categorical variable, < 130°

50 (18) 61 (83) 0.21

Medial cortex support on AP view,
positive

78 (28) 85 (115) 0.29

Sagittal reduction in oblique lateral
view, anterior malreduction

42 (15) 19 (25) 0.004

Length of hospital stay

< 15 days 8 (3) 9 (12) 0.12

15 to 30 days 19 (7) 37 (50)

> 30 days 72 (26) 54 (73)

Postoperative sliding of lag screw
within 2 weeks as continuous variable

8 6 5 3 6 3 < 0.001
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physical status [1], walking ability before injury (walking
with a cane orwithout any aid or other) [16], living condition
before injury (own home or institution), AO/OTA classifi-
cation [27], history of contralateral hip fracture, waiting
period for surgery (< 3 days, 3 to 7 days, or > 7 days), op-
erative time, amount of blood loss during surgery (< 20 mL,
20 to 100 mL, or > 100 mL), reduction maneuver (closed,
percutaneous, or open), type of implant (sliding hip screw or
cephalomedullary nail), TAD (< 20 mm or$ 20 mm) [11],
postoperative neck-shaft angle (continuous variable, < 130°
or$ 130°) [37], postoperative medial cortex support on an
AP view (positive or negative) [6], and length of hospital
stay (< 15 days, 15 to 30 days, or > 30 days). The TAD
measured on the postoperative radiograph was calibrated
using the known diameter of the lag screw [2].Wemeasured
the amount of lag screw sliding within 2 weeks according to
the change in the distance between the tip of the lag screw
and intersection with the center of the nail after calibrating
the rotational difference using the known length of the lag
screw from the surgical record (continuous variable, < 6mm
or$ 6 mm) [9].

Patients in the case group had a higher proportion of
TAD $ 20 mm, anterior malreduction, and postoperative
sliding of lag screw within 2 weeks$ 6 mm than patients in
the control group (Table 1). The proportion of TAD$ 20mm
was 33% (12) in the case group versus 14% (19) in the control
group (p = 0.008), the proportion of anterior malreduction
was 42% (15) in the case group versus 19% (25) in the control
group (p = 0.004), and the proportion of postoperative
sliding$ 6 mm was 52% (14 of 27) in the case group versus
13% (15 of 112) in the control group (p < 0.001).

Primary and Secondary Study Outcomes

Our primary study goal was to quantify the magnitude of the
association between anterior malreduction and post-
operative cutout compared with other reductions. After case
and control selection, we calculated the adjusted odds of
anterior malreduction by adjusting for age, sex, and TAD
with its interaction between sagittal reduction a priori.

Our secondary study goal was to quantify the magnitude
of the association between early postoperative sliding and
postoperative cutout. We calculated the adjusted odds of

postoperative sliding amount after adjusting for age
and sex.

Ethical Approval

This retrospective observational study was approved by the
institutional review board of Teikyo University. Because
the study was retrospective, we obtained informed consent
via the opt-out method. All procedures involving human
participants were performed in accordance with the ethical
standards of the institutional and national research com-
mittee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.

Statistical Analysis

We designed the analytical method before data collection
for the primary outcome of this study. Demographic, sur-
gical, and treatment data were compared between the case
and control groups using a t-test for continuous variables
and the chi-square test for categorical variables to describe
the balance between the two groups. We did not use these
data for variable selection in the primary multivariate
analysis. Missing variables were analyzed using pairwise
deletions. As the primary multivariate analysis, the asso-
ciation between sagittal reduction and cutout was estimated
with a conditional logistic regression analysis to adjust for
the confounding effects of matching variables, such as age
and sex [33], and we adjusted for the covariates of TAD
and the interaction between sagittal reduction and TAD,
which are known to have a strong association with post-
operative cutout [2, 11, 15, 29, 39]. Because this variable
selection was determined before data collection, we did not
use the results of univariate analyses. The adjusted OR,
acquired from density sampling and conditional logistic
regression analysis is mathematically consistent with the
incidence rate ratio of cutout, different from general case-
control studies [20, 35].

The sample size was calculated based on a target OR of
3, a matching ratio of 4, an anterior malreduction of 0.3 [17,
38], an alpha error probability of 0.05, and a power of 0.80.
Thus, this study required at least 33 patients.

Table 1. continued

Variable Case group (n = 36) Control group (n = 135) p value

Postoperative sliding of lag screw
within 2 weeks as categorical variable,
$ 6 mm

52 (14 of 27) 13 (15 of 112) < 0.001

Data presented as mean 6 SD or % (n); ASA-PS = American Society of Anesthesiologists physical status; SHS = sliding hip screw;
CMN = cephalomedullary nail; TAD = tip-apex distance.
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As a post hoc analysis for the secondary outcome of this
study, we evaluated the association between the amount of
postoperative sliding within 2 weeks of surgery and cutout.
The amount of postoperative sliding was divided into two
categories: less than 6 mm and 6 mm or more. The effect of
sliding on cutout was estimated using a conditional logistic
regression analysis adjusted for age and sex.

For all analyses, including sample size calculation, we
used STATA version 16.0 (Stata Corp LLC). Statistical
significance was defined as a two-sided p value less
than 0.05.

In the primary and sensitivity analyses, the adjusted OR,
95% CI, and p values were determined.

Results

After controlling for potential confounding variables, such as
age and sex,we found that anteriormalreduction andTAD$
20mmwere independently associatedwith increased odds of
postoperative cutout (Table 2). If we considered that ana-
tomic reduction or posteriormalreduction and TAD<20mm
were the base combination, the adjusted odds of cutout
combinedwith anteriormalreduction andTAD<20mmwas
four times higher than that of the base combination (adjusted
OR 4.2 [95% CI 1.5 to 12]; p = 0.006). The adjusted odds of
cutout in combination with anatomic reduction or posterior
malreduction and TAD$ 20 mmwas also four times higher
than that of the base combination (adjusted OR 4.4 [95% CI
1.4 to 14]; p = 0.01). The adjusted odds of cutout in com-
bination with anterior malreduction and TAD$ 20 mmwas
10 times higher than that of the base combination (adjusted
OR 10 [95% CI 2.0 to 50]; p = 0.005); however, no differ-
ences were observed in the interaction term (adjusted OR 0.6
[95% CI 0.08 to 4]; p = 0.54).

After controlling for potential confounding variables,
such as age and sex, we found that early postoperative
sliding of the lag screw $ 6 mm within 2 weeks was in-
dependently associated with increased odds of cutout,
compared with sliding < 6 mm in the post hoc analysis
(adjusted OR 11 [95% CI 3 to 40]; p < 0.001).

Discussion

Cutout after internal fixation of intertrochanteric fractures
is a severe complication, and several factors are associated
with cutout, such as older age, poor reduction, and greater
TAD [2, 4, 15, 29, 39]. It is crucial to identify factors
within a surgeon’s control to reduce the likelihood of cut-
out. Anterior malreduction on an oblique lateral view has
been associated with a greater amount of postoperative
sliding [17, 28, 36, 38], but it was unclear whether anterior
malreductionwas associated with cutout. The results of this

retrospective observational study showed that the associ-
ation between anterior malreduction and cutout was as
large as that with TAD after adjusting for the confounding
factors of age and sex. This suggests that anterior malre-
duction should be avoided during internal fixation to lower
the odds of postoperative cutout.

Limitations

First, it would be unwise to apply the results of this study to
SHS implants because of potential selection bias. To avoid
an arbitrary analysis of the acquired data, the methodology
for the primary analysis of this study was determined before
data collection. After the analysis, only one patient among
those with cutout underwent fixation with SHS. SHS may
have been used more frequently in patients with stable
fractures with a low risk of cutout, resulting in fewer cutouts.
When the post hoc analysis was limited to patients un-
dergoing fixation with cephalomedullary nailing, although
the matched controls were theoretically different from those
who would have been selected if matching was performed
only in the patients with cephalomedullary nail implants, the
results of univariate (Supplemental Table 1; http://links.lww.
com/CORR/B232) and multivariate analyses (Supplemental
Table 2; http://links.lww.com/CORR/B233)were almost the
same as those in the primary analysis. This was a study of
homogeneous Japanese people with low BMI. Additional
research in other populations is needed to determinewhether
the results can be generalized.

Second, some of the previously reported mixed assess-
ment methods of the reduction quality were not used [29, 39].
It is important to make a comprehensive assessment based on
the location between bone fragments and the implant. On the
other hand, we believe that a simple index such as the TAD is
better than an index that combines several variables to identify
the high-likelihood area of cutout. Therefore, we chose an

Table 2. Factors independently associated with postoperative
cutout

Variable
Adjusted

OR (95% CI) p value

Anatomic reduction or posterior
malreduction and TAD < 20 mm

1 (Base)

Anterior malreduction and
TAD < 20 mm

4.2 (1.5 to 12) 0.006

Anatomic reduction or posterior
malreduction and TAD $ 20 mm

4.4 (1.4 to 14) 0.01

Anterior malreduction and
TAD $ 20 mm

10 (2.0 to 50) 0.005

Interaction term 0.6 (0.08 to 4) 0.54

Conditional logistic regression analysis adjusted for age and
sex. TAD = tip-apex distance.
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index that could be considered an oversimplification.
Surprisingly, a single index had a magnitude of association
with cutout comparable to that of the TAD. Nevertheless, this
index should not be used alone to evaluate the appropriateness
of reduction in actual surgery, and comparisons with other
indices are desirable in the future.

Third, some data were missing because this was a ret-
rospective study (Table 1). The necessary variables for the
primary analysis that was planned before data collection,
including age, sex, reduction on an oblique lateral radio-
graph, and TAD, were unlikely to be missing or mis-
classified when data were extracted from medical records.
Therefore, the quality of the data is unlikely to have af-
fected the results of the primary analysis. However, the
missing outcomes owing to loss to follow-up and com-
peting outcomes such as death and bone union were
problematic. This study used a survival analysis approach
that included censoring to address the missing outcomes as
much as possible [20, 34]. However, because limiting
missing data would be ideal, it would be beneficial to see
future studies with prospective data collection.

Fourth, this study was a nested case-control study, and
selection bias and the influence of unmeasured confounding
might have occurred [34]. Variables possibly related to
cutout, such as surgeon experience level, fracture type, im-
plant manufacturer, and osteoporosis, could not be adjusted
in the multivariate analysis because of the retrospective
nature of the study and sample size. Randomized controlled
trials should be conducted to address this problem; however,
these studies are impractical for estimating the risk of rare
complications [3], and they are challenging to validate be-
cause of the uncertainty about whether fractures may be
reduced as randomized. From this perspective, high-quality,
prospective, observational studies are desirable.

Discussion of Key Findings

This study demonstrated that anterior malreduction as seen
on oblique lateral radiographs was associated with a higher
likelihood of postoperative cutout. Because the interrater
agreement of this sagittal reduction was almost perfect
(kappa = 0.86) [23], the reduction quality as seen on an
oblique lateral image can be reliably confirmed by an image
intensifier during surgery. Therefore, we consider this
method to be a valuable and easy index for evaluating
intraoperative fracture reduction. Malreduction is a risk
factor for cutout, which was evaluated based on factors such
as varus reduction on an AP radiograph, angular deformity
on a lateral radiograph, and a residual gap between the
fragments—alone or in combination [2, 4, 29, 39].
Observational studies have shown that anterior malre-
duction, which evaluates the reduction quality of contact of
the anteromedial cortex using oblique lateral radiographs,

increased the amount of postoperative sliding [17, 28, 36,
38]. Although the classification of reduction on an oblique
lateral radiograph is only a one-plane evaluation, three-
dimensional CT analysis has shown that the anteromedial
cortex contact between the neck and diaphyseal fragments is
not only present in only 4% of patients with anterior mal-
reduction, but also is more correctly determined than on a
lateral radiograph [7]. Therefore, in patients with anterior
malreduction, insufficient bony contact between the proxi-
mal and distal segments leads to a greater amount of post-
operative sliding before load sharing can occur between the
implant and fracture site [19, 40]. However, previous studies
have not shown that anterior malreduction directly increases
cutout [15, 28, 39]. This might have been due to insufficient
statistical power owing to small samples and inappropriate
multivariable analyses. Because our study included more
than 2000 patients and met the number of cutout events in
the sample size calculation, we consider the results of this
study to bemore statistically powerful than those of previous
studies.

The result of the post hoc analysis for our secondary study
goal clarified that a large amount of sliding in the early
postoperative period was associated with substantially greater
adjusted odds of cutout (adjusted OR 11). In addition to an-
terior malreduction [17, 28, 36, 38], several variables, such as
fracture type [36], age, and TAD [28], were associated with a
greater amount of postoperative sliding. If the postoperative
fixation is unstable, excessive sliding may occur, and the
stability between the lag screw and head weakens, resulting
in a cutout.Although there have been studies on the amount of
postoperative sliding [6, 17, 21, 22, 28, 36, 38], no studies that
we know of have directly demonstrated that increased sliding
is associatedwith greater odds of cutout. Therefore, according
to the results of the present study, identifying factors associ-
ated with the amount of postoperative sliding would help
identify factors associated with cutout. Because cutout is a
rare complication [24], it would be difficult to conduct a study
to directly identify the associated factors, as in this study.
However, it would be easy to conduct a study using the
amount of postoperative sliding as an outcome. The results of
this study would be useful for determining the cutoff values
for future studies (> 6 mm within 2 weeks after surgery).

Sagittal reduction on an oblique lateral view was also
associated with postoperative cutout independent of TAD.
Although several factors have been reported to be associated
with cutout [2, 4, 11, 15, 29, 39], no study has examined the
interactions between identified factors. Because prior studies
have suggested that TAD has a larger impact on the odds of
cutout than any other factor [2, 11], the association with
TAD should be examined when evaluating the association
of any new factors. When an interaction exists, the associ-
ation of anterior malreduction changes for a particular TAD
[13]. For example, if there is a negative interaction, a smaller
TAD may decrease or eliminate the association between
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anterior malreduction and cutout. However, the results
showed no association with the interaction term, indicating
there is an effect of anterior malreduction regardless of the
TAD value (Table 2). We believe this is because TAD and
sagittal malreduction are independent concepts: TAD is the
position of the lag screw within the head of the bone [2], and
anterior malreduction is the position of the bone fragments
between the neck and diaphyseal fragments [40].
Furthermore, no association was noted between the TAD
and the reduced position on an oblique lateral radiograph
[21]. Hence, we believe well-performed surgical treatment
of an intertrochanteric fracture will achieve two require-
ments: reduce the TAD and avoid anterior malreduction.

Conclusion

In patients older than 65 years with intertrochanteric frac-
tures, anterior malreduction on a lateral oblique view was
associated with much greater adjusted odds of postoperative
cutout than either anatomic reduction or posterior malre-
duction. This effect was similar to the odds of cutout asso-
ciated with a larger TAD. Because avoiding anterior
malreduction is within the surgeon’s control, our findings
might help surgeons focus on intraoperative reduction from
an oblique lateral view to prevent cutouts. Although this
factor is a reliable indicator, the results should only be ap-
plied for cephalomedullary nailing, because there was only
one patient with cutout among those with sliding hip screws.
Because this study was conducted in a homogenous
Japanese population, future studies should focus on the as-
sociation between anterior malreduction and cutout,
adjusting for other confounding factors such as implant type,
surgeon experience level, and heterogeneous ethnicities.

This is an open access article distributed under the terms of the
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and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from
the journal.
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39. Turgut A, Kalenderer Ö, Karapınar L, Kumbaraci M, Akkan HA,
Agus H. Which factor is most important for occurrence of cutout
complications in patients treated with proximal femoral nail
antirotation? Retrospective analysis of 298 patients. Arch Orthop
Trauma Surg. 2016;136:623-630.

40. Watanabe Y. Surgical treatment of intertrochanteric fracture. In:
Takahashi HE, Burr DB, Yamamoto N, eds. Osteoporotic
Fracture and Systemic Skeletal Disorders. Springer; 2022:
503-515.

41. World Health Organization. Obesity: preventing and managing
the global epidemic. Report of a WHO consultation. World
Health Organ Tech Rep Ser. 2000;894:i-xii, 1-253.

42. Yamamoto N, Tsujimoto Y, Yokoo S, et al. Association between
immediate postoperative radiographic findings and failed internal
fixation for trochanteric fractures: systematic review and meta-
analysis. J Clin Med. 2022;11:4879.

Volume 482, Number 3 Anterior Malreduction-associated Cutout 545


