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Abstract
Purpose Patients with chronic low back pain, who do not respond to conservative treatment methods, generally undergo
surgical revision operations, and sometimes an undesirable condition called failed back surgery syndrome (FBSS) may be
inevitable. Hereby, dextrose is one of the regenerative methods that has gained popularity in the treatment of many musculoskeletal problems, and we aimed to present and evaluate the outcomes of 5% dextrose for the treatment of FBSS.
Methods It has been designed as a consecutive case series. A total of 79 patients with FBSS, who had minimum 6 months
of symptoms and did not respond to 3 months of conservative methods between May 2014 and March 2016, participated in
the study. Prolotherapy injections were applied in posterior and lateral approaches. Visual Analog Scale (VAS) and Oswestry
Disability Index (ODI) were used for the pre- and post-treatment evaluations. Patient satisfaction was assessed with using a
5-point Likert scale by phone contacting.
Results There was statistically significant difference between repeated VAS and ODI measurements.
Conclusions These results may be the first step giving a lead to an undiscovered field. This treatment method should be kept
in mind for FBSS patients before giving a decision of revision surgery.
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Introduction
Chronic back pain is one of the most common degenerative diseases and a major cause of disability in the population [1]. Surgery is inevitable in some patients resistant to conservative methods. Owing to rise of scientific
knowledge, surgical techniques and feasibility, more satisfactory outcomes are obtained compared to the past. In
spite of this progress, these surgeries failed to satisfy a
considerable group of patients, and therefore, an undesirable condition failed back surgery syndrome (FBSS) is
inevitable [2]. The incidence of patients that will develop
FBSS following lumbar spinal surgery is 10–40% [3].
FBSS is a common disorder, mainly cause of pain, failing of quality of life and inability to work. Treatments for
FBSS include medical treatment, physical therapy spinal
cord stimulation, epidural adhesiolysis, intra-articular joint
steroid injections, radiofrequency ablation, acupuncture;
however, the success of some was lower, or some have
lacking scientific evidence [4]. Ultimately, a pack of these
patients, ranging between 13.4% and 35%, undergo revision surgeries; however, the success rates have been found
to be lower than first operations [5–8]. A panel study has
discussed convenient treatment methods of the persisting
pain after spine surgery, and it might accepted a guide for
physicians [9].
There is a growing interest to regenerative therapies.
Positive effects of the most commonly preferred injection treatment—prolotherapy—have been shown in many
randomized controlled studies [10, 11]. In this approach,
regeneration aims to renew and restore the tissues that are
resistant to normal healing process. Various concentrations of dextrose solutions have commonly been used as
prolotherapy solution for many musculoskeletal injuries
[12] and provided healing and strengthening of damaged
or degenerated structures through inflammation and proliferation processes [13]. It has been shown that interaction of high-concentrated glucose with the extracellular
matrix causes irritative effect on targeted tissue, and this
initiates acute inflammation. This inflammatory response
then enhances proliferation of fibroblasts and improves
collagen synthesis, which provides healing and renewal of
damaged tissues [14-17]. But 5% concentration of dextrose
(low concentrated) is also known to target sensory peptidergic nerves that cause reduced pain perception, and also,
repeated injections improve neural sensation and terminate
neuropathic pain [18].
Randomized controlled trials have demonstrated Level
I–III evidences for injection of dextrose concentrated
between 10% and 25% into damaged ligament, tendon
and cartilage regions in adults to manage finger osteoarthritis, knee osteoarthritis, lateral epicondylosis, sacroiliac

1611

joint pain [19]. Also, Maniquis-Smigel injected 5% dextrose solution without local anesthetics onto facet joints
and positive results were obtained for a short-term-period
[20]. This study showed glucose has a significantly greater
effect than saline on pain.
Chronic low back pain is one of the most common indications of prolotherapy, based on repair and reinforcement
of spinal ligaments. In the literature, there is a controversy
about injection and exercise protocols for chronic low back
pain, and the studies have conflicting results [21]. Dagenais al [22]. compared prolotherapy and normal saline in
the treatment of low back pain and declared that two of the
methods were revealed significant improvements when compared to baseline; however, there was no statistically significant difference between the two groups.
In one of our studies, we have shown that 5% dextrose
solution increased gene expression in angiogenetic factors (vascular endothelial growth factor-A, platelet-derived
growth factor-A and B, insulin-like growth factor-I) and in
apoptotic factors (caspase-3 and caspase-8) in adult fibroblast culture [23]. We targeted to have a healing improvement as inducing less inflammation, so we planned to inject
5% dextrose solution to low back prolotherapy points of
Hackett in the book [24]. Other methodological issue differentiating our study from various low back pain prolotherapy researches is the injection sites, which were determined
based on tenderness decreasing injection number.
We hypothesized that deep perineural injection with 5%
of dextrose is effective in FBSS as it is in chronic back pain.
This is the first study to focus specifically on FBSS
patients treated by prolotherapy and also the use of such low
concentrations of glucose, which is known as non-inflammatory concentrations for prolotherapy solution.
The aim of this consecutive case series study is to present
the clinical outcomes of prolotherapy with 5% of dextrose
for the treatment of FBSS.

Materials and methods
Study design and subjects
This is a clinical prospective consecutive case series study
in which 79 patients with FBSS participated, who had
minimum 6 months of symptoms and did not respond to
3 months of conservative methods, between May 2014
and March 2016. The population of this study consisted of
patients who admitted to Traditional and Complementary
Medicine, Orthopaedics and Traumatology, Neurosurgery
and Physical Therapy and Rehabilitation departments for
the treatment of FBSS. The local institutional ethics committee approval was obtained. All patients signed the informed
consent. Among total 79 patients, 3 were excluded from the
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study (2 did not obey the study protocols and 1 did not visit
for follow-up examinations).
The inclusion criteria were as follows: being operated due
to chronic low back pain or herniated disk and being dissatisfied from this surgery or recurrence. The exclusion criteria were as follows: having hereditary or acquired bleeding
tendency, rheumatic disease or other systemic inflammatory
disease, oncological diseases, osteomyelitis, systemic infection, history of chronic infection or active infection in the
treatment region, having been injected local corticosteroid
within previous 12 weeks.
Demographic data and clinical characteristics are shown
in Table 1 and distribution of surgically operated regions
in Table 2.

Intervention
The prolotherapy injections were performed under aseptic conditions and guided by ultrasonographic imaging.
Twenty-three G × 3 1/8” needles were used for injections.
The injected points were determined by physical examination, which were observed to be tender during palpation.
Injections were performed while patient was lying in prone
or lateral decubitus positions.
Posterior injections were applied while the patient was
lying in prone position. A pillow was placed under the abdomen. The posterior injection points are shown in Fig. 1. Four
milliliters of 5% dextrose was injected into each point. Also,
2 ml of 5% dextrose was injected to spinous processes of
L1-L2-L3-L4-L5-S1 vertebrae in case of tenderness.
Lateral injections were applied while the patient was
lying in lateral decubitus position and the hip in neutral position. The hip was brought in flexion position only while the
piriformis muscle was injected. The lateral injection points
are shown in Fig. 2. Two milliliters of 5% dextrose was
injected into these points in case of tenderness.
After the injections, patients were instructed to rest and
refrain from heavy lifting activity. Patients were allowed to
take 500 mg of acetaminophen up to four times per day, if
only the pain became untolerable. All other anti-inflammatory drugs were prohibited. Hot pack application onto the

Table 2  Distribution of surgically operated regions
Surgically operated regions

Frequency

Percent

L4-L5
L3-L5
L4-S1
L3-S1
L5-S1
Others

21
10
19
11
8
7

27.6
13.2
25.0
14.5
10.5
9.2

Others: L1-S1, L5-T12, L3-T12, L2-S1, L3-L4
Two patients had been surgically operated on each of L1-S1 and
L2-S1 regions and 1 patient on each of the other regions, so they were
added to the distribution list in a mass

injection regions was suggested during the first 3 days after
the treatment session three times a day. All of the patients
received a standard home exercise program: passive range
of motion exercises for lumbar, back and abdominal muscles
during the first 7 days after the treatment session, and then
stretching exercises for same body regions three times a day
until the next injection session. Injections were applied with
an interval of 21 days. The injection sessions were terminated when the Visual Analog Scale (VAS) scores decreased
to at least 75% ratio of pre-treatment values, maximum 8

Table 1  Demographic data and clinical characteristics

Age (year)
Sex [n (%)]
Male
Female
Duration of complaints
Number of operations
Number of sessions

13

Mean ± SD

Min–
Max

59.1 ± 12.9

26–96

24
52
9.5 ± 6.4
1.2 ± 0.5
3.4 ± 1.5

31.6%
68.4%
3–40
1–3
1–7

Fig. 1  The posterior injection points. A points: posterior sacroiliac
ligament insertions bilaterally. B points: iliolumbar ligament insertions bilaterally. C points: transverse ligament insertions bilaterally.
Facet joints bilaterally
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using a 5-point Likert scale (extremely satisfied, satisfied,
neutral, dissatisfied and extremely dissatisfied) based on the
patient responses by phone at least 2 years after treatment
[26].

Statistical analyses
The statistical analysis was made by Statistical Package
for Social Sciences software version 22.0 for Windows.
The clinical data were presented as numeral, percent (%),
mean ± SD and minimum–maximum (min–max). The compatibility of normal distributions of continuous variables was
assessed by the single sample Kolmogorov–Smirnov test.
The data obtained in the study were found to be ineligible
for normal distribution, and the Mann Whitney U test was
used to investigate the difference between the groups. The
difference between repeated measurements of VAS and ODI
was analyzed by Friedman test. Wilcoxon test with Bonferroni adjustment was used for post hoc tests. p < 0.05 was
considered to indicate a statistically significant difference.

Fig. 2  The lateral injection points. Anterolateral: Pubofemoral ligament insertion (PF). Superolateral: Piriformis muscle origin (PQ) and
insertion (Pİ) points and iliofemoral ligament insertion (İF). Posterolateral: ischiofemoral ligament insertion (İsF)

sessions of injection were completed, or the patients withdrew from the treatment.

Assessment and outcomes
One of the coauthors (AO) carried out the follow-up
assessments independently at baseline, 21 days, 3 months,
6 months and 12 months after the first injection session and
was not involved in patients’ treatments. We have designed
the follow-up periods as defined in the literature [10]. VAS
was used for assessment of pain intensity, showing 0 as
indicator of painlessness and 10 as indicator of untolerable
pain. Oswestry Disability Index (ODI) was used to evaluate patient’s functional disability which is considered to
be the gold standard evaluation tool for chronic low back
pathologies [25]. Total score ranged between 0 and 100;
also the higher the score was, the worse the function was.
The clinical outcomes were defined by Seven’s classification [10] in four categories as excellent, good, fair and poor.
The patient’s pain intensity during exercise, work or daily
activities assessed the appropriate category; painlessness
was qualified as ‘excellent’; decrease of pain more than 50%
in comparison with the pre-treatment level was qualified as
‘good’; decrease between 25 and 50% as ‘fair’ and decrease
below 25% as ‘poor.’ Patient satisfaction was assessed with

Results
Following the exclusion of 3 patients from the study, 76
patients’ results were evaluated.
Reductions in pain and disability scores were statistically and clinically significant from 21st day to the last
follow-up examination through the trial. After 1 year of
follow-up, VAS score decreased from 7.9 ± 1.6 to 2.3 ± 2.2,
and Oswestry Disability Index (ODI) decreased from
36.1 ± 9.1 to 11.4 ± 11.1 (Table 3). There was statistically
significant difference between repeated VAS measurements
(X2 = 238.935; p < 0.001) and repeated ODI measurements
(X2 = 238.235; p < 0.001). There was no statistically significant difference between the mean values of VAS and
ODI scales of repeated measurements according to gender (p = 0.059, p = 0.032, p = 0.878, p = 0.654, p = 0.646,
p = 0.144, p = 0.654, p = 0.427, p = 0.201, p = 0.323, respectively). There was no significant difference between VAS
and ODI scales of baseline to 1-year follow-up according to
gender (p = 0.235, p = 0.266 female and male, respectively)
(Table 4). Sixty-five patients (85.5%) reported excellent
or good outcomes (excellent: n = 45, good: n = 20), and
11 patients (14.5%) reported fair or poor outcomes (fair:
n = 2, poor: n = 9) at the final follow-up. Five-point Likert
scale resulted as extremely satisfied: n = 24 (31.5%), satisfied: n = 30 (39.4%), neutral: n = 9 (11.8%), dissatisfied:
n = 4 (5.2%), extremely dissatisfied: n = 9 (11.8%). All of
the binary comparisons of the VAS and ODI measurements
were found to be similar according to post hoc comparisons
(Table 5). None of the patients experienced any serious complication (e.g., bleeding, cellulitis, septic joint arthritis or
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Table 3  Comparison of VAS and ODI data
Follow-up

VAS
Mean ± SD (min–max)

ODI
(%)Mean ± SD (min–max)

Baseline
21 days
3 months
6 months
12 months
Test statistics and p
value

7.9 ± 1.6 (4–10)
5.8 ± 1.9 (1–9)
4.7 ± 1.9 (0–9)
3.3 ± 2.1 (0–8)
2.3 ± 2.2 (0–8)
238,935a < 0.001*

36.1 ± 9.1 (16–49)
27.4 ± 10.1 (4–47)
20.2 ± 9.9 (2–40)
14.3 ± 11.4 (2–41)
11.4 ± 11.1 (2–40)
238,235a < 0.001*

a

Friedman test *p < 0.05

osteomyelitis). Only 5 patients had pain of the injected sites
in severity of acetaminophen necessity four times a day, during 5–10 days after the injection sessions, the other patients
had no or mild pain that they did not require any analgesic.
One patient developed second-degree skin burn after the
first injection because of incorrect application of hot pack.
Two patients developed hypotension and vasovagal syncope
while injecting the solution.

Discussion
FBSS remains to be a fearful dream of clinicians as one
of the most frequent post-surgical complications. Unfortunately, there is limited evidence and are few methods available. In the treatment of FBSS, we used 5% dextrose combined with rehabilitation program, and this was observed to
be efficient and safe.
In the treatment of this situation, epidural adhesiolysis
and spinal cord stimulation were found to be most efficient
methods, regarding long-term pain relief [27]. Some studies
mentioned that these methods have advantages over revision
surgeries [28-30]. Epidural steroid, hyaluronidase or local
anesthetic injections are increasingly being used because
of their simplicity and cheapness; however, there is limited
evidence about them and some other studies declared that
these injections do not present better clinical outcomes than
percutaneous adhesiolysis [31-33]. Revision surgeries had
been the most common used method with the rates ranging
from 5 to 33% in the past [34]. However, conservative methods have gained popularity due to increasing rates of fibrosis
and instability [35]. Some studies reported similar functional
improvement and pain relief level when revision surgeries
and conservative methods have been compared [36, 37]. So
prolotherapy is considered to be an efficacious, cheap and
accessible intervention. Although several methods have been
defined, there is still need for clinical evidence and new costeffective methods.
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Table 4  Comparison of VAS and ODI between genders

VAS (0–12mo**)
ODI (0–12 mo**)
*

Female (n = 52)

Male (n = 24)

p*

5.76 ± 2.7
25.48 ± 12.27

5.31 ± 2.2
23.58 ± 12.19

0.235
0.266

Inter-group analysis (Student’s t test)

**

Improvement between baseline to 12 months

In our study, we used 5% dextrose injections for patients
with FBSS. VAS score decreased from 7.9 ± 1.6 to 2.3 ± 2.2;
ODI decreased from 36.1 ± 9.1 to 11.4 ± 11.1; these results
were found to be statistically significant. We think that prolotherapy injections with 5% dextrose may be considered as
a promising method in the treatment of FBSS, depending
on its clinic efficacy, procedure simplicity, cheapness and
safety.
Optimal concentrations of dextrose solution for prolotherapy remain unclear in clinical practice. Hypertonic
dextrose solutions (10–20%) have been commonly used as
prolotherapy solutions. In many studies, higher concentrations of dextrose than 10% have been used and they have
declared successful results for different musculoskeletal
problems. But the majority of these studies reported extreme
pain, fatigue and discomfort as the leading complaints of
patients after the injections, and therefore, patients who
decided to discontinue the treatment were not in an ignorable ratio [12]. These complaints are thought to be the result
of the inflammatory reaction due to high concentrations of
dextrose [13]. Jensen et al. [38] stated that concentrations
of dextrose below 10% provide proliferation without inflammatory reaction in their animal study. In our study, very few
numbers of patients complained about excessive pain and
fatigue after the injections and our results are similar with
those in which higher concentrations of dextrose were used.
The large number of injection sessions scared patients at the
beginning, but patients decided to continue because of its
benefit and they trusted their physician. We believe that 5%
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Table 5  Comparison of VAS and ODI measurements between regions

VAS (0–12 mo**)
ODI (0–12 mo**)
*

L3-S1 (n = 11)

L4-L5 (n = 21)

L4-S1 (n = 19)

L5-S1 (n = 8)

P*

6.2 ± 1.8 a
27.8 ± 9.1

4.6 ± 3.2 a
19.5 ± 14.3

5.8 ± 1.8 b
25.9 ± 9.1

5.5 ± 2.7 a
23.5 ± 12.5

5.4 ± 3.0 a
21.8 ± 15.9

> 0.05†
> 0.05†

Inter-group analysis (Student’s t test)

**
†

L3-L5 (n = 10)

Improvement between baseline to 12 months

All of the binary comparisons of the measurements were found to be similar according to post hoc comparisons

dextrose provides a more comfortable and patient-compliant
treatment opportunity with same clinical success.
FBSS is a condition in which many different causes come
together and which occurs as a mix of persistent muscle
spasm, persistent nerve pain and persistent tissue pain (often
sourcing from the disk). Some authors state that an important cause of FBSS is postoperative extreme inflammatory
reaction that causes fibrogenesis in the epidural space and
compression of spinal nerve roots [3, 39]. Maniquis-Smigel
showed that injection of 5% dextrose into the caudal cavity
has an analgesic effect within 15 min that lasted at least
48 h. This result may be due to a pain-specific neurogenic
effect at the dorsal root level [20]. 5% dextrose may also
affect pain from ligaments. Therefore, lower concentrations
of dextrose may be more suitable for this indication and we
think it might be used for similar problems which have a
chronical inflammatory process basically in the next future.
In the previous studies, combination of local anesthetics
(lidocaine, sensorcaine and xylocaine) and hypertonic dextrose was used as prolotherapy solution [12]. Drucker et al.
[40] showed that local anesthetics delay and disrupt wound
healing by inhibiting collagen synthesis of fibroblast tissue. In another study, superficial 5% dextrose injections
have been shown to be more effective than lidocaine in
the trigger point-related pain [41, 42]. Also, 5% dextrose
solution without local anesthetics addition was injected
onto facet joints and positive results were obtained for a
short-term-period [20]. In our study, we preferred to use
5% dextrose for similar effects.
In FBSS, not only the lumbar ligaments, but also the
pelvic and sacroiliac ligaments are often disrupted or
weakened, and therefore, insufficient autocontrol of lumbopelvic motion and muscular balance will result in pain
and discomfort. Lumbar, pelvic and sacroiliac ligaments
support posture, balance and walking abilities [43, 44].
In this study, we targeted sacroiliac, pelvis and lumbar
injection points and obtained improvements in patient’s
posture, balance and walking ability. The most convenient treatment choice for FBSS patients with spinal instability accepted as re-operation in a panel study [9]. This
study’s patient selection criteria [9] were similar to our
study, and however, our results supported prolotherapy for
these patients.

Physical exercise occupies an important place in the treatment of FBSS [35]. Yelland [45] compared flexion exercises
with no exercise as well as prolotherapy injection with saline
injection for chronic low back pain in his 2 × 2 factorially
designated study and obtained statistically significant results
in pain and disability scores when compared to pre-treatment
values. However, no attributable effect was found for prolotherapy injections over saline injections or for exercises
over normal daily activities. In Dagenais’ study [22], prolotherapy alone is not considered to be an effective treatment
for chronic low back pain. He reported prolotherapy might
improve chronic low back pain and disability if it only combines with exercise program. In our study, we recommended
an exercise program after injections to improve functionality. VAS and ODI scores significantly decreased. Sixtyfive patients (85.5%) declared excellent or good outcomes.
Exercise was only a cointervention in our study, and analysis
of the effect that can be attributed to exercise cannot be possible with this study design.
The limitations of this study are lack of placebo control
group, only-exercise control group and high-concentrated
dextrose solution (15%) group. Our study is a consecutive
case series, so there absolutely is a risk of bias. The strength
of this study is that the follow-up period could be completed.
Higher-quality studies which are designed with addition of
these groups might be a highlighter in this way. Our study
may be the first step giving a lead to an undiscovered field.
This treatment method should be kept in mind for FBSS
patients before giving a decision of revision surgery.
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