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ABSTRACT
Background: Dysfunction and weakness due to atrophy of the paraspinal muscles is a major issue after posterior
spinal fusion (PSF) surgery, resulting in pain and disability. Considering the role of protein in muscle regeneration, it
seems that protein supplements after surgery may prevent muscle atrophy. To date, to our knowledge, no intervention
study has investigated the effect of protein supplementation on the volume of paraspinal muscles, pain, or disability
after PSF.
Methods: In this randomized, double-blind, placebo-controlled clinical trial, patients were randomly assigned to a
control (placebo þ diet with 1.2 g/kg body weight of protein, n ¼ 40) or a protein supplementation (36 g/day þ a diet with
1.2 g/kg body weight of protein, n ¼ 40) group, which received intervention from 48 hours before to 1 month after
surgery. The cross-sectional area (CSA) of the paraspinal muscles was measured by thin-slice computed tomography,
and pain and disability were assessed using the visual analog scale and Oswestry Disability Index.
Results: After 4 weeks of protein supplementation, the CSAs of multifidus and psoas muscles on both sides were
significantly higher in the supplementation group than the placebo group (P ,.001). Less atrophy was seen in the right
erector spinae and quadratus lumborum muscles in the group receiving protein supplements than the placebo group (P
, .001). In addition, protein supplementation was significantly negatively correlated with both pain (P , .001) and
disability (P , .001).
Conclusions: In conclusion, we demonstrated that 36 g/day protein supplementation significantly increased the
CSA of muscles and reduced the atrophy, pain, and disability after PSF surgery.
Level of Evidence: 2.
Lumbar Spine
Keywords: muscle atrophy, spine surgery, visual analog scale

INTRODUCTION
Spine fusion surgery is a type of surgery in which
2 or more vertebrae are ﬁxed. The purpose of this
surgery is to eliminate pain, instability, and other
symptoms of disease by restricting movement
between the vertebrae.1–3 Many studies have reported mechanical and physiological changes after
surgery that lead to adverse problems, such as
accelerated destruction of adjacent tissues, pseudarthrosis, or chronic low back pain.4–7 Changes
reported in the paraspinal muscles after surgery
include muscle atrophy, edematosis, changes in
adipose tissue, and decreased muscle potential.
The prevalence of such injuries is high after
posterior spinal fusion (PSF).8,9 The paraspinal

muscles, including the psoas, multiﬁdus, erector
spinae, and quadratus lumborum, maintain the
stability of the spine.10 Surgery creates catabolic
conditions in which proinﬂammatory and inﬂammatory factors are secreted, and subsequent inﬂammation reduces lean body mass (LBM). In addition,
PSF creates an additional load on the surfaces
adjacent to the fusion sections, which increases the
risk of instability and degeneration in these surfaces.
Lumbar muscle atrophy and increased muscle tissue
fat have negative effects on the patient’s recovery.11–13
It has been shown that up to 20% of muscle mass
in the operative limb can be lost between 10 and 21
days after surgery. With disuse, the load-bearing
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extremity triggers a set of metabolic processes that
lead to muscle atrophy. Muscle atrophy causes a
loss of muscle strength, which can have a serious
impact on the speed and quality of recovery.14 All
fusion methods, including anterior and posterior
fusion of the spine, cause muscle damage and
subsequent atrophy.15 The important role of dietary
protein in minimizing this complication has been
overlooked. The role of proteins in the metabolism
of muscle cells is essential. Protein maintains muscle
mass by providing building blocks for new tissue in
the form of amino acids. Consuming enough protein
along with the body’s natural secretion of hormones, such as growth factors, insulin, and testosterone, helps to rebuild and grow muscle.16
The use of a protein supplement in spine fusion
surgery can prevent paraspinal muscle atrophy by
maintaining muscle mass, regeneration, and muscle
growth. By reducing the rate of pseudoarthritis,
pain, and disability, it can also have a positive effect
on the patient’s recovery. Despite numerous studies
showing the effects of protein on muscle formation
and health, no experimental or clinical studies have
examined the effect of protein supplementation on
paraspinal muscle condition in spine fusion surgery.
The aim of this study was to evaluate the effect of
protein supplementation in lumbar spine fusion
surgery on the volume of paraspinal muscles, pain,
and disability after PSF.

MATERIALS AND METHODS
Patients
This was designed as a double-blind, randomized,
placebo-controlled study in patients scheduled for
elective lumbar PSF surgery from Feb 2019 to Jun
2020 at Shohada Tajrish Hospital, Tehran, Iran. We
excluded patients who were younger than 18 years
of age or older than 65 years, body mass index
(BMI) ,18.5 or .30, those with a history or current
diagnosis of severe liver or kidney disease, diabetes,
gastrointestinal malabsorption, parathyroid gland
disorders, neuromuscular diseases, such as dystrophies or neurological disorders (multiple sclerosis,
amyotrophic lateral sclerosis, etc), osteoporosis,
myopathy, smoking, history of trauma and fracture
of the vertebral, and allergy or intolerance to
protein or placebo supplement. Flowchart for
patients who have inclusion criteria for the study
is given in Figure 1. The study protocol was
approved by the Ethics Committee of Shahid

Beheshti University of Medical Sciences (IR.SBMU.RETECH.REC.1398.802) and registered under
the code numbers of NCT04300517 at ClinicalTrials.gov and IRCT20200301046655N1 at the
Iranian Registry of Clinical Trials. Informed consent was obtained from all participants. To determine the sample size, we conducted a small pilot
study with 10 patients in each group because we did
not ﬁnd a related study about our objective. The
minimum sample size estimated for each group was
25 at a power (1  b) of 80% and a ¼ .05 for a 2-arm
parallel study with the frequency of 40% and 70%
for rate of atrophy of paraspinal muscles in the
protein supplement and control groups, respectively, obtained from the pilot study.
Interventions
The patients were randomized to receive either
the intervention or placebo supplement. Supplements in both groups had the same taste and were
provided in identical packaging. Randomization of
the patients was done by applying a table of random
numbers. The patients and investigators were all
blinded to the study groups. The intervention group
received 36 g/day of protein supplement (Karen
Pharma and Food Supplement Co, Iran) equivalent
to 3 sachets of pure protein from 48 hours before
surgery to 1 month after surgery; each sachet
contained 12 g of protein, 1 g of carbohydrates,
0.4 g of fat, 58 kcal of energy. The placebo group
received 3 sachets of Carbo Mass powder (Karen
Pharma and Food Supplement Co, Iran) daily from
48 hours before surgery up to 1 month after surgery;
each sachet contained 5 g of carbohydrates, 0 g of
protein, 0 g of fat, 20 kcal of energy.
Data Collection and Analysis
Our primary outcome was assessing the crosssectional area (CSA) of paraspinal muscles as an
indicator of muscle volume change between the 2
groups. Secondary outcomes were the rate of pain
and disability between the 2 groups after surgery.
In both groups, anthropometric measurements,
including height; weight; and BMI before surgery, 1
month, and 3 months after surgery, were measured.
Bone mineral density (BMD) was assessed by dual
x-ray absorptiometry. BMD was measured at the
lumbar spine (anteroposterior and lateral views) and
the contralateral proximal femur (femoral neck and
trochanter). Osteopenic patients (T score . 1)
were excluded from the study. Patients’ nutritional
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Figure 1. Consolidated Standards of Reporting Trials flow diagram.

intake status was assessed before surgery, 15 days, 1
month, and 3 months after surgery, by a 24-hour
recall (an average of 3 days: 1 day off and 2 normal
days for each time) through an interview by the
researcher. Nutrition 4 software (version 3.5.2; N4,
USDA). was used to analyze food intake. Also, by
telephone follow up, patients were examined every
week for 3 months after surgery for diet and
supplementations.
For the analysis of paraspinal muscle volume, we
measured CSA of multiﬁdus, psoas, erector spinae,
and quadratus lumborum muscles the day before
operation and 90 days after surgery using thin-slice
computed tomography (CT) scans above fused
segments to exclude metal artifacts. Region of
interest (ROI) on preoperative and postoperative

CT was measured using PACS workstation (Viewrex, Seoul, Korea). For the measurement of CSA of
the muscles, care was needed to not include fat or
bones around it, and ROI of the muscles was
measured at the lowest level above a fused segment
(Figure 2).17–19 CT images were evaluated by 2
blinded persons including a radiologist and a
neurosurgeon independently. The cross section of
muscles was measured bilaterally, and its mean was
calculated at each side for each muscle. Pain at the
lower back and pelvis was assessed by visual analog
scale (VAS) in 2 groups at preoperation, the time of
discharge, day 15, 1 month, and 3 months after
surgery. Also, the Oswestry Disability Index (ODI)
questionnaire was used to evaluate disability at
preoperation, 1 month, and 3 months after surgery
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Table 1. Characteristics of the patients.

Variable

Figure 2. Measurement of the cross-sectional area of the (1) psoas, (2)
quadratus lumborum, (3) multifidus, and (4) erector spinae muscles in a patient
before surgery. Cross-sectional area was the sum of area outlined in white.

(disability score ranged from 0 to 100: 0–20 as mild,
20–40 as moderate, 40–60 as severe, 60–80 as very
severe disability, and 80–100 as bed-bound). As well,
physical therapy was started 1 month after surgery,
and both groups received similar therapy.
Surgical Procedure
After intubation in the supine position, the
patient was placed in a prone position. After prep
and drape, the skin was incised proper to anticipated levels of fusion. Deep dissection was performed
to expose the posterior elements of the vertebral
column. The pedicular screw was placed manually
using C-arm guidance under neuromonitoring.
Multilevel laminectomy and foraminotomy plus
discectomy were accomplished in some cases. After
hemostasis, a combination of autologous and bone
chips was inserted between transverse processes
posterolaterally. A drain was afﬁxed, and the
wound was sutured in separate layers. Patients in
both groups received the same anesthetic and
surgical procedures.
Statistical Methods
Data analysis was performed using SPSS statistical software (version 21; SPSS, Inc, Chicago, IL).
The normality of the data was assessed using the
Kolmogorov-Smirnov test or histogram chart. Chi
square or Fisher’s exact test was used to compare
qualitative variables between groups. Also, to
compare the mean of quantitative variables between
the studied groups, a t test (if the variable
distribution was normal) or Mann-Whitney test (if
the variable distribution was abnormal) was used.
The mean of quantitative variables with repetitive
measures was done with repeated measure analysis
of variance (ANOVA), two way ANOVA, and

Intervention
(N ¼ 40)

P
Value

Control
(N ¼ 40)

Age, y
49.43 6 8.79
53.18 6 8.88
Gender, n (%)
Female
24 (60)
23 (57.5)
Male
16 (40)
17 (42.5)
Osteopenic, n (%)
No
24 (60)
23 (57.5)
Yes
16 (40)
17 (42.5)
Level of fusion, n (%)
4 (2)
4 (1)
Cause of surgery, n (%)
SS
35 (87.51)
34 (85)
SL
5 (12.5)
6 (15)
BMI, mean 6 SD, kg/m2
Baseline
27.09 6 2.45
26.76 6 2.07
1 mo after surgery
26.53 6 2.26
26.92 6 2.157
3 mo after surgery
26.38 6 2.19
26.93 6 2.11
Food intake
Energy, kcal
2056 (730)
2034.5 (807)
Protein, g
73.61 6 13.81
70.56 6 12.05
Carbohydrate, g
273.50 6 69.47 298.55 6 52.38
Fat, g
58.3 (19.81)
54.68 (22.84)
Phosphorous, mg
674.81 6 97.71 640.17 6 120.52
Calcium, mg
403.56 6 79.78 407.58 6 78.98
Zinc, mg
6.41 6 0.81
6.44 6 0.95
Magnesium, mg
216.7 (71.7)
231.25 (86.6)
vitamin K, lg
77.45 (28.77)
79.51 (23.86)
vitamin C, mg
64.35 6 13.77
68.28 6 9.24

.06a
.82b
.82b
.56c
.74b
.42b
.35d (time)
.68 (group)
.82c
.29a
.07a
.82c
.16a
1a
.86a
.18c
.82c
.13a

Abbreviations: BMI, body mass index; SD, standard deviation; SL,
spondylolisthesis; SS, spinal stenosis.
a
Based on independent samples test (mean 6 SD).
b
Based on v2 tests, No. (%).
c
Based on Mann-Whitney U tests, median (interquartile range).
d
Based on repeated measures analysis of variance (mean 6 SD).

paired t tests. In this study, the results were
considered statistically signiﬁcant at P , .05.
Frequency distribution, mean 6 standard deviation,
and median (interquartile range) are reported based
on the type of variable.

RESULTS
Patient Characteristics
Of the 97 patients enrolled in the study, 17
patients were lost to follow up (Figure 1). Table 1
shows the demographic characteristics and the
dietary intakes of the patients. At preoperation
assessment, there was no signiﬁcant difference
between groups in terms of age, gender, BMI,
BMD, cause of surgery, level of fusion, and dietary
intake as well as energy, carbohydrate, fat, and
vitamin (C and K) intake. However, postoperative
protein intake was higher than preoperative intake
in both groups, and the intake of phosphorus,
calcium, and zinc increased postoperation compared
with before surgery, but did not differ between the 2
groups (Table 2). To eliminate the confounding
factor and the difference in muscle volume between
men and women, gender distribution was matched,
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Table 2. Summary of dietary intake.

Variable
Protein, g/d
Baseline
15 d after surgery
1 mo after surgery
3 mo after surgery
Phosphorous, mg
Baseline
15 d after surgery
1 mo after surgery
3 mo after surgery
Calcium, mg
Baseline
15 d after surgery
1 mo after surgery
3 mo after surgery
Zinc, mg
Baseline
15 d after surgery
1 mo after surgery
3 mo after surgery

Intervention
(N ¼ 40)a

Control
(N ¼ 40)a

P
Value

70.61
84.47
87.10
88.90

6
6
6
6

5.81
3.62
3.02
2.10

70.56
83.45
88.10
87.86

6
6
6
6

4.05
4.02
2.55
2.67

.09 (time),
.52 (group)

674.81
715.42
728.63
716.73

6
6
6
6

97.71
39.69
17.51
13.74

640.17
714.09
723.38
710.88

6
6
6
6

120.52 ,.001 (time),
29.49
.10 (group)
19.70
14.90

403.56
570.49
573.96
576.46

6
6
6
6

79.78
67.02
86.43
66.67

407.58
578.77
589.29
589.29

6
6
6
6

78.98
86.43
81.64
69.96

,.001 (time),
.33 (group)

6.41
10.24
9.92
9.96

6
6
6
6

0.81
1.87
1.60
1.52

6.44
10.05
10.43
10.53

6
6
6
6

0.95
1.31
1.58
1.58

,.001 (time),
.25 (group)

a

Based on repeated measures analysis of variance (mean 6 SD).

Table 3. Visual analog scale (VAS) assessment in intervention and control
groups.

VAS

Intervention
(N ¼ 40)a

Baseline
Time of discharge
15 d after surgery
1 mo after surgery
3 mo after surgery

8.10
5.75
4.12
1.93
0.93

6
6
6
6
6

1.33
1.08
1.13
1.18
0.94

P
Value

Control
(N ¼ 40)a
8.70
6.65
5.22
4.20
3.10

6
6
6
6
6

1.09
0.86
1.02
0.72
1.03

,.001 (time),
,.001 (group)

a

Based on repeated measures analysis of variance (mean 6 SD).

Disability Assessment
The decrease in ODI was signiﬁcant in both
groups over time after surgery (P , .001), but in the
intervention group, the amount of reduction was
greater than the control group. Three months after
surgery, in the intervention group, the average
decreased from 28.3 to 8.45, and in the control
group from 29.8 to 13 (P ¼ .001; Figure 4).

DISCUSSION
and the effect of this factor on the results of the
study largely vanished (P ¼ .82).
Assessment of Paraspinal Muscles CSA
The CSAs of the muscles before and after surgery
were assessed in both groups using thin-slice CT
scan. Three months after surgery, there was a
signiﬁcant difference between the 2 groups in the
left and right multiﬁdus and psoas muscles. In the
intervention group, an increase in muscle CSA was
observed; in the control group, a decrease in the
CSA of the corresponding muscles was seen, and
this difference between the 2 groups was signiﬁcant
(P , .001). A decrease in the volume of the right
and left erector spinae and quadratus lumborum
muscles was observed in both groups, with the
decrease being greater in the control group. The
difference between the 2 groups was signiﬁcant in
the right side (P , .001) in contrast with the
difference in the left side that was not signiﬁcant (P
¼ .11; Figure.3).

Due to limited movement and bed rest after
surgery, dietary intervention may be one of the few
practical and easily managed options in this
condition. This is the ﬁrst clinical study, to our
knowledge, to demonstrate that protein supplementation (at a dose of 36 g/d for 4 weeks) reduced
paraspinal muscle atrophy, pain, and disability after
lumbar spine fusion in patients with multilevel canal
stenosis and spondylolisthesis.
Many studies have investigated muscle atrophy
and its consequences in catabolic conditions on
patients such as intensive care unit and cancer
patients as well as those with end-stage disease20;
however, this association has been less studied in a
large group of healthy people undergoing surgery.
Physiologically, a muscle mass loss of 1% to 2% per
year occurs after the age of 65.21 Conditions such as
diabetes, obesity, decrease in the level of physical

Pain Assessment
Table 3 shows that pain decreased over time in
both groups after surgery, but the pain reduction in
the intervention group was signiﬁcantly higher than
the control group up to 3 months after surgery (at
the ﬁnal point of follow up in this study; P , .001.

Figure 3. Changes in cross-sectional area of paraspinal muscles after 3
months.
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Figure 4. Oswestry disability index assessment in intervention and control
groups.

activity, enforced bed rest, and reduced intake of
nutrients (such as protein) that are effective in
building muscle accelerate this process.22 More than
14 days of bed rest has been shown to reduce LBM
in both young and old people.23,24 A recent study
reported signiﬁcant decrease of 1.1% to 4.2% in
thigh muscle volume and 1.0% to 3.4% in
quadriceps within 5 days after surgery.25 Tandon
et al26 showed signiﬁcant damage to the lumbar
paraspinal muscles (a reduction in the CSA and
denervation) after lumbar fusion surgery.
Studies have shown that protein synthesis and
degradation are complex processes that are inﬂuenced by multiple signals and metabolic pathways.
Two important signaling pathways for increasing
protein synthesis are the mammalian target of
rapamycin (mTOR) and insulin. The mTOR pathway is activated by essential amino acids and whole
protein. Hormone insulin increases protein synthesis
by stimulating mTOR and increases the transport of
amino acids into muscle; insulin also has an
inhibitory effect on protein breakdown.27–29 One
of the most important signals of protein degradation is reactive oxygen species (ROS).30 When ROS
formation exceeds the ability of glutathione to
neutralize them, increased protein degradation
occurs. Muscle degradation begins before surgery
with inhibition of the mTOR pathway and increased
oxidative stress and continues after surgery with
increased insulin resistance, decreased amino acid
levels, and reduced glutathione.31–33
It has been shown that presurgery and postsurgery protein administration with mTOR pathway
stimulation, oxidative stress inhibition, and decreased insulin resistance results in increased glutathione and insulin amino acid transfer that prevents
20% to 40% of postoperative muscle atrophy.14,34,35
In the current study, paraspinal muscle atrophy 3
months after surgery was much lower in the protein

supplement group than in the placebo group. The
multiﬁdus muscle, as part of the group of slowtwitch muscles, is the innermost paraspinal lumbar
muscle and very sensitive to injury.36 In the group
receiving the protein supplement, there was an
increase in the volume of this muscle. In the same
way, the volume of the psoas muscle, which is the
largest muscle in the lower cross section of the
lumbar spine and strengthens the spine,37 increased
in the intervention group compared with the control
group.
In contrast, the volume of the right erector spinae
and quadratus lumborum muscles decreased in both
groups. The erector spinae are not just 1 muscle, but
a group of muscles and tendons that runs more or
less the length of the spine on the left and the right,
from the sacral region and hips to the base of the
skull. Because they have a longer lever arm than the
multiﬁdus muscle, most of the movement of the
trunk extensor muscles is produced by these muscles
instead of the multiﬁdus muscle.10 The quadratus
lumborum muscle is markedly smaller than the
dorsal extensor muscles, but because of the way it
connects, it plays an important role in lumbopelvic
movements and especially in vertebral stability.38
Paddon-Jones et al39 showed that essential amino
acid supplementation decreased the loss of lean
muscle mass during 28 days of bed rest. They
further demonstrated that supplementation with 15
g essential amino acids stimulated muscle protein
synthesis in healthy young and elderly individuals
after 12–15 hours of bed rest.40
It seems that protein supplementation, in addition to affecting synthesis and breakdown pathways, reduces atrophy that results in greater pain
reduction after surgery in the intervention group. In
several studies, the relationship between pain and
muscle atrophy has been observed, and the most
important and most common cause of chronic
mechanical pain is muscle atrophy.38,41 In the same
way, muscle atrophy is associated with disability.42
Reducing disability is one of the main goals of
postoperative rehabilitation. Tarnanen et al43
showed that changes in ODI scores were associated
with changes in muscle strength, and increased
muscle strength reduced disability in patients after
lumbar spine fusion. The current study showed that
the rate of disability was more greatly reduced in
people receiving protein supplementation than in
the control group.
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This study has 2 limitations. First, with CT
images, it was impossible to accurately measure
CSA at fusion level due to the artiﬁcial signal caused
by the screws. Thus, CSA was measured at the
lowest level above the fused segments to eliminate
metal artifacts. Second, the sample size was
somewhat small. Studies with a larger sample size
and longer follow up are needed to conﬁrm the
beneﬁcial effects of protein supplementation in
paraspinal muscles of patients who undergo spinal
fusion surgery.

CONCLUSIONS
In conclusion, this clinical study is the ﬁrst study,
to our knowledge, to demonstrate that protein
supplementation signiﬁcantly prevented paraspinal
muscle atrophy and reduced pain and disability
after spinal fusion surgery. It is recommended that
protein supplementation be considered as a complementary method to improve outcomes in spinal
fusion surgery.
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