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Introduction
Low-back pain (LBP) has emerged as an expensive health
problem in many countries.1 Lumbar spondylolysis, which
is the defect or abnormality of the pars interarticularis and
a common LBP cause,2 mostly occurs in males bilaterally at
the fifth lumbar vertebra.3 It has a prevalence of 5% in
children age <7 years and 6% in adults4 and is classified as
developmental, dysplastic, traumatic (acute and chronic)
and pathologic.5

Chronic traumatic spondylolysis is associated with stress
fracture or spondylolytic defect of the pars interarticularis
which occurs as a result of repetitive movements during
extension and rotation of the lumbar spine.6 Mostly,
patients present with pain, joint limitation, muscle spasm,
sacral flattening and waddling gait pattern.7 In severe
cases, tightness of hamstring and iliopsos may also occur
along with posterior pelvic tilt.8 During examination, pain
is reproduced on performing the single-leg hyperextension
test.9 According to the computed tomography (CT)
findings, it is classified as early, progressive and terminal.10

Early-stage spondylolysis refers to the stress fracture in
which bone union can be achieved conservatively.

However, in progressive and terminal stages, spondylolytic
defect occurs in which bone union is delayed and cannot
be obtained through conservative interventions, such as
hard or soft braces.11 If this condition remained untreated,
it can progress to spondylolisthesis.12

Early diagnosis and treatment is the key to complete bone
union through conservative interventions, such as activity
restriction and usage of thoraolumbosacral brace for 3-6
months.13 However, treatment time is very long in many
cases.14 Previous studies have reported that low-intensity
pulsed ultrasound (LIPUS) is effective for reducing pain,
treatment time, and promoting bone union both in animal
and human trials.15 LIPUS has been used in medicine as a
treatment modality. It is a form of energy transfer for
mechanical vibration. When it spreads in the organism, a
certain dosage of ultrasound can cause sonoporation effect
that makes the cell membrane surface temporarily
disruptive, which promote extracellular molecules to enter
the cell, causing changes of the organism function and
structure that is the biological effect of ultrasound.16

Collection and review of studies showing the role of LIPUS
on lumbar spondylolysis can be helpful for better
interventions. To our knowledge, no such systematic review
has critically reviewed and appraised the role of LIPUS on
lumbar spondylolysis. The current systematic review was
planned to fill the gap in literature.

Materials Methods
The systematic review followed the Preferred Reporting
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Items for Systematic Review and Meta-Analyses (PRISMA)
guidelines, and the protocol was registered with the
PROSPERO database in January 2021 (CRD42021227439).

Literature search was conducted on PubMed, Embase,
CINAHL, Web of Science, PEDro and Scopus databases to
identify relevant studies published between 2010 and 2020
by using medical subject headings and applying Booleans,
such as low-intensity pulsed ultrasound OR interventional
ultrasound AND lumbar spine OR lumbar region AND
spondylolysis OR stress fracture. Unpublished studies were
hand-searched in the journals, abstracts of conferences
were reviewed, and citation index was used for searching
experts in the field and then contacting them for
information.

Studies included were the ones that had at least one of the
following outcomes: bone union rate, treatment period to
bone union and time to return to previous activities. All
observational studies were sought and considered eligible
for the review. However, to maintain scientific rigour,
quantitative studies with only control group were included.
Inclusion criteria comprised both genders, human,
symptomatic, mechanical LBP, aged 0-60 years, lumbar
vertebra, radiological evidence of spondylolysis, and
congenital spinal abnormalities. The exclusion criteria
comprised neurological deficits, other spinal pathologies,
and degenerative spinal diseases.

Evaluation, critical appraisal of the retrieved studies and
reporting of data was done by two investigators
independently using the Grading of recommendations,
assessment, development, and evaluations (GRADE)

criteria.17 These were rated as high (4 point), moderate (3
points), low (2 points) and very low (one/less). In terms of
interpretations, very low means the true effect is probably
markedly different from the estimated effect; low means
the true effect might be markedly different from the
estimated effect; moderate means the true effect is
probably close to the estimated effect; and high means the
authors have a lot of confidence that the true effect is
similar to the estimated effect.

Results
Of the 243 studies identified, 228(94%) were full text
articles and only 2(0.8%) studies were critically appraised
for qualitative synthesis (Figure). As per the GRADE criteria,

Table-1: Quality assessment based on GRADE criteria.

Quality assessment Summary of findings
No of studies Study Consistency Directness Precision Publication Relative effect Best estimate of Absolute effect Quality
(No of participants) limitations* bias (95% CI) whipple group risk (95% CI)

2(95) Serious  (-1) No important Direct No important unlikely 2.7 66.7% 61 days; +++, 
limitations inconsistency imprecision (2.4 to 3) 167 days moderate

GRADE: Grading of recommendations, assessment, development, and evaluations. CI: Confidence interval

Table-2: Qualitative data synthesis of the studies reviewed.

Study Study Design Groups Outcomes Findings Authors conclusion

(Hideyuki, Case-Control Study EG: low intensity pulsed ultrasound Bone union rate EG: 66.7% LIPUS treatment might be effective for
Arima et al. 2017)18 13 subjects CG: cease any sport activity, wear a brace during CG: 10% bone union in patients with progressive-

EG: 6 treatment to immobilize the trunk, trunk Treatment period p=0.020 stage spondylolysis with MRI high-
CG: 7 muscle exercises and trunk flexibility exercises to bone union EG: 3.8 signal change.

CG: 2.7±0.3

(Masahiro Tsukada, Case-Control Study EG: low intensity pulsed ultrasound Time to return to EG: 61(58-69) LIPUS combined with conservative t 
PT et al. 2019)19 82 subjects CG: Thoracolumbosacral brace, sports previous sports days reatment for early-stage lumbar  

EG: 35 modification, and therapeutic activities CG: 167 spondylolysis in young athletes
CG: 47 Exercise, activity restriction, hip stretching (135-263) days could be a useful therapy for quick

and strengthening of the trunk muscles. p<0.01 return to playing sports.

EC: Experimental group; CG: Control group; LIPUS: Low-intensity pulsed ultrasound.

Figure: Study flow-chart.
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the included studies were appraised as moderate (Table 1).
The studies were both case-control studies and showed
significant improvement in outcome measures from LIPUS
(Table 2).

Discussion
The systematic review had a strict study selection criteria
to remove potential bias. The two studies which met the
criteria were subjected to qualitative data synthesis. The
experimental groups (EGs) in both studies reported
significant improvement in bone union rate, treatment
period to bone union, and time to return to previous sports
activities compared to the control groups (CGs).18,19

Hideyuki Arima et al. in 2017 investigated the treatment
effects of LIPUS on progressive-stage spondylolysis. The
study used case-control design on patients with
progressive-stage spondylolysis with magnetic resonance
imaging (MRI). Nine patients were given routine physical
therapy, including avoidance of any sport activity and the
use of a brace during the treatment, while six patients were
treated using LIPUS every day during treatment in addition
to routine physical therapy. About every 1.5 months, bone
healing was evaluated via CT. Cases that retained defects
after 4.5 months were defined as non-union. The most
important finding was that the bone union rate in LIPUS
group was significantly higher than that in routine physical
therapy group (66.7 vs. 10.0%, p=0.020). It is a form of
mechanical energy transmitted into the tissue as sound
waves creating series of biomechanical changes at cellular
level. The treatment period to bone union was 3.8 months
and 2.7±0.3 months in routine physical therapy and LIPUS
groups. The said study revealed that LIPUS treatment is
effective for bone union in patients with progressive-stage
spondylolysis with MRI high-signal change.18

The primary concerns of these two retrieved studies were
that no randomised controlled trial (RCT) for LIPUS for
lumbar spondylolysis was available in literature, and the
two eligible studies had limited sample sizes. The actual
treatment protocol was not mentioned clearly. For
example, details about frequency, intensity and duration
of trunk muscle strength and flexibility exercises were not
provided. The outcome measure used in the 2019 study to
Masahiro et al. was time to return to previous sports
activities, while Hideyuki et al. sett it as bone union rate and
treatment period to bone union.18,19

The major limitations of the current review were sample
size estimation and lack of RCTs in literature in the matter
under review.

RCTs must be done to determine the role of LIPUS in the
treatment of patients with LBP associated with

spondylolysis. Moreover, treatment effects of these studies
should be graphically represented through meta-analysis.

Conclusion
Only a few studies were found eligible for qualitative
synthesis and were rated as moderate on quality
assessment through evaluation and critical appraisal which
concluded that LIPUS is effective for bone union and a
useful therapy for quick return to playing sports in patients
with lumbar spondylolysis.
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