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Abstract

Purpose: To determine the relationship between trunk muscle cross-sectional area (CSA) measured using trunk
computed tomography at the time of injury and gait ability at discharge. Methods: This multicenter retrospective cohort
study was performed in comprehensive rehabilitation units of four hospitals in Japan. The study included 442 patients
with hip fractures who underwent surgery (bipolar hip arthroplasty or open reduction and internal fixation) and were
hospitalized for treatment between January 2020 and January 2023. The main outcome measure was bilateral trunk
muscle CSA (multifidus, erector spinae, psoas major, lateral abdominal muscles, and rectus abdominis). Participants who
met the eligibility criteria were classified into two groups based on gait ability at the time of hospital discharge: those who
maintained their gait ability (the maintenance group) and those who declined (the decline group). Results: The CSA of
the multifidus muscle was 0.015 + 0.005 (CSA/Weight/fourth lumbar vertebrae) and 0.013 £ 0.004 (CSA/Weight/fourth
lumbar vertebrae) in the maintenance and decline groups, respectively, being significantly lower in the decline group (P =
0.028, effect size = 0.457). The CSA of the psoas major was 15.3 [13.1-18.0] (CSA/Weight/fourth lumbar vertebrae) and
13.4 [11.9-16.0] (CSA/Weight/fourth lumbar vertebrae) in the maintenance and decline groups, respectively, being
significantly lower in the decline group (P = 0.020, effect size = 0.335). Conclusion: Smaller CSAs of the multifidus and
psoas major muscles before injury were associated with decreased gait ability after hip fractures.
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Introduction

The incidence of hip fractures (including many secondary
fractures such as contralateral hip fractures') is increasing
in Asian countries.” Half of secondary fractures occur
within the first year after injury; therefore, preventing
repeated falls is vital during the postoperative period.’®
Although insufficient recovery of physical function (such
as gait ability) may cause repeated falls in the postoperative
period, 50% of patients with postoperative hip fractures do
not return to their pre-injury gait ability.* Therefore, it is
important to identify pre-injury physical impairments that
affect the recovery of gait ability after hip fractures to
prevent further fall-associated fractures.

Lower extremity muscles are atrophied in patients with
hip fractures from the pre-injury stage®; these muscles are
important for improving gait ability after hip fractures.”®
Another problem associated with hip fractures is that the
trunk muscles are atrophied before the injury.’ Further-
more, atrophy of the trunk muscles affects spinal align-
ment.'® Trunk muscle strength and thickness are associated
with balance and gait speed in older adults.'"'* In addition,
dynamic balance affects gait modality."* However, the
relationship between pre-injury trunk muscle atrophy and
the return to the pre-injury gait modality in patients with
hip fractures remains unclear.

We hypothesized that patients with hip fractures with a
small cross-sectional area (CSA) of the trunk muscles
before injury have decreased gait ability after surgery.
Therefore, this study aimed to determine the relationship
between trunk muscle CSA and spinal alignment using
trunk computed tomography (CT) at the time of injury and
gait ability at discharge.

Methods
Study Design and Settings

This multicenter retrospective cohort study was conducted
in four Japanese hospitals with comprehensive rehabili-
tation units and in accordance with the guidelines of the
Declaration of Helsinki and the Strengthening the Re-
porting of Observational Studies in Epidemiology
(STROBE). The study protocol was reviewed and ap-
proved by the Ethics Committee of our institution. In-
formed consent was obtained in the form of opt-out on the
website or notice board of each hospital included in the
study.

Study Participants

The study included 442 patients with hip fractures who
underwent surgery (bipolar hip arthroplasty or open re-
duction and internal fixation) and were hospitalized for
treatment between January 2020 and January 2023. The
exclusion criteria were (1) under 65 years of age, (2)
discharged early without undergoing rehabilitation in a
comprehensive rehabilitation unit, (3) hemiplegia due to
stroke, (4) gait difficulty before surgery, (5) cut-outs after
surgery, and (6) without CT imaging of the lumbar spine.
Participants who met the eligibility criteria were classified
into two groups based on gait ability at the time of hospital
discharge: those who maintained their gait ability (the
maintenance group) and those who declined (the decline
group). Gait ability was defined based on gait modality (no
device, T-cane, or walker). The preliminary analysis of
spinal alignment involvement included only participants
with CT of the thoracolumbar spine. In addition, the
participants received standard physiotherapy twice a day
(total, 80-120 min), including joint range of motion ex-
ercises, strength training, and gait training.

Outcomes and Measurements

The main outcomes were bilateral trunk muscle CSA
(multifidus, erector spinae, psoas major, lateral abdominal
muscles, and rectus abdominis), vertebral body CSA of the
fourth lumbar vertebra, thoracic kyphosis angle, and
lumbar kyphosis angle. Data on basic characteristics, such
as age, sex, height, weight, body mass index, fracture type
(femoral neck fracture/trochanteric fracture), gait ability
(gait ability before injury / gait ability at time of discharge),
and the duration of hospital stay, were collected from
electronic medical records and from interviews of the
participants or their families at the start of rehabilitation.

Measurement of the CSA of Trunk Muscles

The muscle CSA of the trunk was identified from CT axial
images at the level of the fourth to fifth lumbar vertebrae
based on a previously described method.'* CT scans were
performed immediately after the injury (before surgery)
using SOMATOM Force VB30 (SIEMENS; tube voltage,
90 kV; tube current, 600 mA; slice thickness, 3 mm; field
of view, 350 mm; matrix size, 512 x 512 pixels), SO-
MATOM go. Top (SIEMENS; tube voltage, 120 kV; tube
current, 113 mA; slice thickness, 3 mm; field of view,
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598 mm; matrix size, 512 x 512 pixels), Aquilion Prime
(Canon; tube voltage, 120 kV; tube current, 113 mA; slice
thickness, 3 mm; field of view, 598 mm; matrix size, 512 x
512 pixels), Aquilion Prime SP (Canon; tube voltage,
120 kV; tube current, 320 mA; slice thickness, 3 mm,; field
of view, 320 mm; matrix size, 512 x 512 pixels), and
Aquilion Prime (Canon; tube voltage, 120 kV; tube cur-
rent, 130 mA; slice thickness, 3 mm; field of view,
150 mm; matrix size, 512 x 512 pixels). Participants were
assessed in the supine position, with their spine and pelvis
in the neutral position. Each muscle CSA was manually
measured by four authors (physiotherapists with at least
8 years’ experience) at different centers using a mea-
surement tool (RapideyeCore', XTREK WebView?,
Plissimo EX?, SYNAPSE Enterprise-PACS*) and included
in the electronic medical record (Figure 1A). The CSA of
the fourth vertebral body was measured from an axial
image at the level of the fourth lumbar vertebra
(Figure 1b)."” Reliability of trunk muscle CSA measure-
ment was calculated using CT data from 10 participants
(three males and seven females, mean age: 86.0 = 6.6 y,
height: 151.9 + 7.8 cm, weight: 48.1 + 9.3 kg), with each
examiner taking two measurements, and intra-examiner
reliability was calculated. In addition, inter-rater reliability
was calculated using the data measured once by each
examiner. The intra-examiner intra-class correlation co-
efficient was 0.9 or higher for each muscle and vertebra,
and the inter-examiner intra-class coefficient was 0.85 or
higher, confirming high reliability.

Measurement of Spinal Alignment

Sagittal images were reconstructed from axial images of
the thoracolumbar spine using Imagel software version
1.53°. The kyphosis angle of the thoracic spine and the
lordosis angle of the lumbar spine were measured ac-
cording to previously described methods (Figure 2).'

Statistical Analysis

All statistical analyses were performed using SPSS
Version 27.0°. The normality of each data point was
tested using the Shapiro—Wilk normality test. To nor-
malize the muscle CSA, multiple linear regression
analysis with forced entry was performed to identify
relevant factors related to the CSA of each trunk muscle
divided by the associated factor. To determine the dif-
ference between the left and right trunk muscle CSAs,
differences in trunk muscle CSA between the unaffected
and affected sides were compared using the unpaired ¢ test
or the Mann—Whitney U test. Baseline characteristics,
muscle CSA and spinal alignment of the maintenance and
decline groups were compared using the unpaired ¢ test,
Mann—Whitney U test, and chi-squared test. The effect
size was calculated to compare the two groups for each
muscle CSA. Statistical significance was set at P < 0.05.
In addition, a post hoc power analysis was conducted for
each significant result for CSA using G* Power 3 Soft-
ware (version 3.1.9.4)" to determine whether there was
sufficient power to detect statistically significant effects
given the available sample sizes.

Results

Classification and Baseline Characteristics of
Participant Groups

A flowchart of the study is shown in Figure 3. The study
included 96 participants who met the eligibility criteria
(mean age, 84.7 + 6.9 y; height, 152.7 + 9.7 cm; weight,
47.3+£9.0kg; sex, 25 males and 71 females; fracture type,
53 femoral neck and 43 trochanteric fractures). The pa-
tients were categorized into two groups based on whether
they maintained their pre-injury gait modality at the time
of discharge, with 49 in the maintenance group and 47 in
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Figure 1.

Measurement of the cross-sectional area (CSA) of trunk muscles and vertebral body. Axial CT images at the level of the

fourth to fifth (a) and fourth (b) lumbar vertebrae. Regions of interest were set at the trunk muscles (a) and fourth lumbar vertebrae
(b). CSA, cross-sectional area; CT, computed tomography; ES, erector spinae muscles; LA, lateral abdominal muscles; MF, multifidus

muscles; PM, psoas major muscles; RA, rectus abdominal muscle.
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Figure 2. Measurement of spinal alignment. Sagittal computed
tomography images at the midline. The angle between the
superior endplate of T5 and the inferior endplate of T12 was
used to measure thoracic kyphosis. Lumbar lordosis was
measured as the angle between the superior endplates of

LI and SI. L, lumbar; LL, lumbar lordosis; S, sacrum; T, thoracic;
TK, thoracic kyphosis.
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the decline group. Preliminary analysis of spinal align-
ment included 31 participants who met the eligibility
criteria (mean age, 84.6 = 6.9 y; height, 152.7 £ 9.7 cm;
weight, 47.4 £ 9.0 kg; sex, 13 males and 18 females;
fracture type, 19 femoral neck and 12 trochanteric
fractures). Of the 31 participants, 17 were included in the
maintenance group and 14 were in the decline group. In
both analyses, baseline characteristics differed signifi-
cantly between the groups only in gait ability (Table 1).
No differences were observed in the CSA of each muscle
between the left and right sides. Therefore, only the
muscle CSA of the affected side was presented in the
following results. Multiple regression analysis showed
that body weight was the selection variable for all
muscles, except for the erector spinae (Table 2). In ad-
dition, the multifidus and psoas major muscles were
selected for the fourth cross-section of the lumbar ver-
tebral body (Table 2).

Comparison Between the Two groups

Preliminary analysis of spinal alignment showed that the
median lumbar kyphosis angle was 33.0° [interquartile
range (IQR), 24.8-41.8°] in the maintenance group and
32.4° [25.6-42.2°] in the decline group; the thoracic
kyphosis angle was 15.5° [8.6-16.8°] in the maintenance
group and 13.0° [6.0-16.8°] in the decline group, both
without significant differences. Comparison of trunk
muscle CSA showed that the CSA of the multifidus
muscle was 0.015 + 0.005 (CSA/weight/fourth lumbar
vertebrae) and 0.013 £ 0.004 (CSA/weight/fourth
lumbar vertebrae) in the maintenance and decline
groups, respectively, which was significantly lower in
the decline group (Table 3, P = 0.028, effect size =
0.457, power = 0.606). The muscle CSA of the psoas
major was 15.3 [13.1-18.0] (CSA/Weight/fourth lumbar
vertebrae) and 13.4 [11.9-16.0] (CSA/Weight/fourth
lumbar vertebrae) in the maintenance and decline
groups, respectively, which was significantly lower in
the decline group (P = 0.020, effect size = 0.335,
power = 0.363).

Discussion

This study showed that the patients in the decline group
who were unable to return to pre-injury gait ability
had significantly smaller pre-injury CSA for the mul-
tifidus and psoas major muscles than did the patients
in the maintenance group, regardless of supine spinal
alignment.

Although lumbar kyphosis alignment and lumbar
extensor CSA have been shown to be related in healthy
people in the supine position,'” the results for hip frac-
tures in this study were differed. Trunk muscle atrophy
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All patients with hip fracture admitted to the hospital
between January 2020 and January 2023 (n = 442)

Excluded as did not meet exclusion criteria (n=346)
132 patients discharged early from acute care wards
11 patients under the age of 65 years

5 patients had difficulty with gait “+
9 patients had hemiplegia due to stroke

4 patients were re-operated due to cut-out

185 patients did not have a computer tomography scan of their trunk

A 4

| Eligible study patients (n = 96) |

[

v

v

Group maintained pre-injury level

Comparison of trunk muscle cross- 5
I e of ambulation (n=49)

sectional area

Group with decreased pre-injury
ambulation level (n=47)

Excluded upon not meeting the exclusion criteria (n=32)
« 31 patients did not have a d phy scanof [
the thoracic spine region of their trunk b

* 1 patient proved to be difficult to measure due to scoliosis

I

Y

Excluded upon not meeting the exclusion criteria (n=33)
* 33 patients did not have a computed tomography scan
of the thoracic spine region of their trunk

v

v

Group that maintained pre-injury

Comparison of spinal alignment level of ambulation (n=17)

Group that showed decreased pre-
injury ambulation level (n=14)

Figure 3. Study flowchart.

has been reported after surgery for hip fractures.'* In
addition, patients with poor improvement in gait ability
after a hip fracture have low scores on the Trunk Control
Test, an assessment of trunk control and function.'®
Previous studies mainly focused on trunk muscle atro-
phy and function after hip fracture. This study revealed
that the pre-injury CSA of the trunk muscles may affect
the maintenance of postoperative gait modality and re-
quires an evaluation of trunk muscle impairment after hip
fracture.

The alignment of the lumbar spine in the supine and
standing positions in healthy participants showed no dif-
ference.'” The multifidus and psoas major muscles are
important for maintaining lumbar lordosis in the anti-
gravity position.'>*° Older hip fractures may have been
affected by postural changes. Lumbar kyphosis alignment
is associated with decreased dynamic balance.”’ Because
dynamic balance is associated with different gait modal-
ities,"? atrophy of the multifidus and psoas muscles, as
observed in this study, may be associated with a decreased
gait modality at the time of discharge from the hospital.
Furthermore, atrophy of the psoas muscle affects lower-
limb swing and decreases foot clearance during gait.>
These results suggest the importance of the multifidus and
psoas muscles with regard to the return of the pre-injury
gait modality after a hip fracture.

The multifidus and psoas major muscles are associated
with decreased gait ability after hip fractures. Conven-
tionally, after hip fractures, physical therapy for the lower
extremities is a commonly used intervention®>***; however,
the need for intervention for the trunk muscles has been
suggested. Interventions for trunk muscles may increase
the rate of return to pre-injury gait modality.

Study Limitations

This study investigated the trunk muscle CSA only once at
the time of injury. Therefore, changes in the trunk muscle
CSA during hospitalization remain unclear. Furthermore,
the effects of the trunk muscle CSA on spinal alignment
and dynamic balance in the anti-gravity position remain
unclear. In addition, gait assessment was limited to ex-
amining gait modalities. Although there was a significant
difference in the statistical P-values, the effect sizes were
all <0.5, which may not have sufficient statistical power.
Future studies should consider sample size and use mul-
tivariate analyses to examine associations between out-
comes. In addition, changes in the trunk muscle CSA
during hospitalization should be investigated to assess
spinal alignment in the antigravity position, assess its
association with dynamic balance, and quantitatively as-
sess gait speed. The problem lies in the development of a
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Table I. Basic Characteristics of the Participants.

All Participants (n = 96)°

Main Analysis (n = 96) Preliminary Analysis (n = 31)
Maintenance Maintenance Decline
Total Group Decline Group P- Group Group P-
(n = 96) (n =49) (n=47) Value (n=17) (n=14) Value
Age (years) 85.0 + 6.9 847 +70 84.6 + 6.8 096 834+88 82182 0.67
Sex (male/female) 24/72 11/38 14/33 0.52 5/12 8/6 0.52
Height (cm) 1527 £+ 9.7 1504 + 82 I155.1 + 10.6 0.06 1558 +86 160.1 £9.6 0.07
Weight (kg) 473 +£9.0 45.7 £+ 85 49.0 £ 9.2 0.09 500+75 53188 0.18
Body mass index 20.2 £ 3.1 202 £ 2.9 204 + 34 074 199+28 21229 0.20
Fracture type (neck/ 54/42 28/21 25/22 0.95 10/7 9/5 1.00
trochanteric)
Gait ability before injury (no 48/14/34 16/7/26 32/7/8 <0.01 6/3/8 1172/1 0.04
device/cane/walker)
Gait ability at time of discharge  17/29/40/10 16/7/26 0/23/14/10 <0.01 6/3/8 0/10/2/2 <0.0l
(no device/cane/walker/gait
difficulty)
Hospitalization period (days) 80.0 £ 23.1 88.0[67.3-95.0] 81.0[56.5-97.0] 054 804 +229 788230 0.33

Fourth lumbar vertebrae (mm?) 1275.6 £ 186.2 1263.1 = I85.1 1289.1 + 186.0  0.44 - - -

*Mean * standard deviation, median [lower quartile — upper quartile].
?In total, 96 patients were categorized into the maintenance and decline groups for comparison. The 3| participants in the preliminary analysis were
categorized into the maintenance and decline groups, and baseline characteristics and spinal alignment were compared between the two groups.

Table 2. Multiple Linear Regression Analysis With Forced Entry.

Unstandardized 95% Confidence interval
coefficients for B
Std. P- Lowder Upper Adjusted R-
Dependent Variable (Constance) B Error  value Bound Bound Squared
Multifidus muscle (mm?)  Fourth zlumbar vertebrae —0.274  0.095 0.005 —0.463 —0.086 0.155
(mm°)
Height (cm) 3274 2242 0.148 —1.178 7.727
Weight (kg) 4849 2352 0.042 0.178 9.520
Erector spinae muscles Fourth lumbar vertebrae  —0.013 0.112 0.908 —0.236 0.210 —0.020
(mm?) (mm?)
Height (cm) 2681 2.648 0.314 —2.579 7.940
Weight (kg) —2.440 2778 0.382 —7.958 3.077
Psoas major muscle (mm?) Fourth lumbar vertebrae 0.170  0.095 0.045 —-0.018 0.358 0.300
(mm?2)
Height (cm) 1.334 2234 0.552 —3.103 5.771
Weight (kg) 10.392 2.343 <0.001 5.737 15.046
Lateral abdominal muscle  Fourth lumbar vertebrae 0.156 0.215 0.470 —0.271 0.582 0.350
(mm?) (mm?)
Height (cm) —0.962 5.065 0.850 —11.022 9.099
Weight (kg) 31482 5313 <0.001 20.928 42.035
Rectus abdominal muscle  Fourth lumbar vertebrae 0.041 0.058 0.483 —0.075 0.157 0.220
(mmz) (mmz)
Height (cm) 0.748 1.378 0.588 —1.989 3.486

Weight (kg) 5638 1446  <0.00! 2.767 8510
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Table 3. Comparison of the Cross-Sectional Area of the Two Groups of Trunk Muscles.

Maintenance Group Decline Group P- Effect
(n =49) (n =47) Value Size
Multifidus muscle Raw data (mm?) 7963 = 177.6 755.5 £ 177.0 0.23 -
Normalization data (CSA/weight/fourth 0.015 * 0.005 0.013 + 0.004 0.03 0.46
lumbar vertebrae)
Erector spinae Raw data (mm?) 973.0 [814.5-1037.5] 954.0 [819.5- 0.90 0.04
muscles 1067.8]
Normalization data - - - -
Psoas major muscle Raw data (mm?) 7045 £ 189.7 697.5 £ 200.0 0.63 -
Normalization data (CSA/Weight/fourth 0.012 [0.011-0.015] 0.011 [0.009- 0.02 0.34
lumbar vertebrae) 0.013]
Lateral abdominal Raw data (mm?) 1328.7 + 405.9 13975 + 5168 055 -
muscles Normalization data (CSA/Weight) 28.06 [25.2-31.0] 27.35 [22.6-33.0] 0.4I 0.11
Rectus abdominal Raw data (mm?) 3203 + 114.0 333.1 £ II5.1 0.66 -
muscle Normalization data (CSA/Weight) 7.00 [5.6-8.3] 6.66 [5.3-8.1] 0.41 0.09

*Mean  standard deviation, median [lower quartile - upper quartile].
CSA; Cross sectional area.

trunk muscle training program that can be performed in
older patients with hip fractures.

Conclusions

This study revealed a relationship between the trunk muscle
CSA using trunk CT at the time of injury and gait ability at
discharge. Smaller CSAs of the multifidus and psoas major
muscles before injury were associated with a decrease in gait
ability after a hip fracture. These results suggest the importance
of trunk muscle intervention in addition to lower extremity
intervention in postoperative hip fracture rehabilitation.
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