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Abstract: (1) Background: Reconditioning of the paraspinal lumbar extensor muscles by isolated
lumbar extension resistance exercises (ILEX) has shown good clinical results for patients with chronic
unspecific low back pain. However, the clinical value and safety for patients with specific spine
pathologies is unclear. In this study, clinical outcome and influencing factors were retrospectively
analyzed for patients with lumbar disk herniation (LDH) and radiculopathy. (2) Methods: 189
consecutive patients (123 men and 66 women; mean age, 36 years) with clinically diagnosed LDH
and relative indications for surgery started a 9-week rehabilitation program (2x/week) including
ILEX in limited range of motion (ROM) adjusted to patients’ symptoms. Patients diagnosed with
advanced levels of spine degeneration were excluded. Pain/radiculopathy (PR), influence on mental
health (IOMH), satisfaction rates were measured via Numeric Rating Scales (NRS, 0–10), and overall
clinical outcome was stated in % (100% = full recovery). Isometric extension strength was tested
before and after the program. (3) Results: 168 patients (88.9%) completed the program. For 162 out
of 168 patients (96.4%) there was a significant reduction of clinical symptoms, whereas 6 patients
reported no changes in symptoms. Scores (mean) for symptom intensity decreased from 4.2 (±1.5) to
1.9 (±1.5) (p < 0.001), the impact on mental health decreased from 5.9 (±2.3) to 2.4 (±2.0) (p < 0.001).
There was a (weak) correlation between lower scores for PR and IOMH before the study and better
clinical outcomes; PR also weakly correlated with satisfaction. Other factors such as age, strength
increase, level/location and number of LDH did not have a significant impact on the clinical results.
(4) Conclusion: The results indicate that ILEX in limited ROM can be an effective treatment for the
majority of patients with LDH. For patients with high pain levels, the results are less consistent, and
surgery may be considered.

Keywords: disk herniation; radiculopathy; low back pain; ILEX; exercise; conservative treatment

1. Introduction

Lumbosacral radiculopathy is a frequent clinical condition that results from compres-
sion of one or more spinal nerve roots. It is mainly characterized by radiating leg pain and
paresthesia, as well as clinical signs of neurological impairment [1]. The prevalence ranges
in studies from 1.2% to 43.3% [2]. Painful radiculopathy is an entity of neuropathic pain [3].
In most patients, it is caused by lumbar disk herniations (LDH)—localized displacements
of disk material beyond the margins of the intervertebral disk space accompanied by acute
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vasodilation and migration of inflammatory cells [1,4]. A sufficient diagnosis for LDH is
best made with imaging tools such as magnetic resonance imaging (MRI), showing high
reliability [5]. In contrast, physical and neurological examinations have only limited overall
diagnostic accuracy in detecting LDH [6,7].

Although immediate surgical intervention may be necessary for patients with per-
manent lower limb weakness, paralysis or impairment of bowel and bladder control,
conservative treatment should be preferred as the initial management method for the
majority of patients with LDH [8]. Studies comparing surgical and conservative methods
have shown that surgery may result in a rapid relief of symptoms, but after 2–5 years there
were no significant differences concerning clinical outcome [9,10]. In a meta-analysis by
Zhong and colleagues, it was shown that the average incidence of spontaneous regression
and reabsorption of LDH is quite high (67%) [11]. As there were huge differences between
studies and their corresponding countries, the authors hypothesized that national medical
standards and the type of conservative approach significantly influence the rate of LDH
regression and consequently long-term rehabilitation [11]. So far, systematic reviews and
clinical trials have failed to identify a single conservative treatment that has proven to be
successful, safe and superior to other treatments for patients with LDH [8]. This could
be partly explained by the fact that patients were often recruited based on clinical rather
than radiological examination. According to Hahne and colleagues, it is plausible that this
drawback may have diluted the treatment effects, as patients with other diagnoses such
as stenosis and spondylolisthesis were included in those studies as well [8]. Thus, studies
on new conservative treatments and properly diagnosed homogenous patient groups are
needed.

Multiple studies have shown that chronic pain conditions in the lower back region
are associated with a deconditioning process in the paraspinal back extensor muscles [12].
According to several experts, this process starts with early-stage muscle inhibition as a
response to acute pain and develops to pronounced muscle atrophy and local fat infiltra-
tion in chronic stages [13]. Therapeutic approaches aiming to restore these local extensor
muscles, such as isolated lumbar extension resistance exercise (ILEX) with an exercise
device that offers appropriate pelvic restraint, have resulted in good clinical outcomes for
patients with chronic unspecific low back pain [14,15]. In patients with LDH, there is a
similar pattern of local deconditioning. In a study by Fortin and colleagues, significantly
greater fat infiltration on the side with pain and radiculopathy symptoms, and at spinal
levels adjacent to the lumbar disk herniation, was found [16]. Based on this correlation
between the occurrence of LDH and local paraspinal muscle deconditioning, it seems
logical to examine the safety and clinical outcome of the ILEX rehabilitation program in
patients with diagnosed LDH and radiculopathy. So far, ILEX has only been studied as
a tool for postoperative rehabilitation [17] but not as a treatment option for this patient
group. Studies on exercise interventions for LDH have mainly focused on therapeutic core
stabilization, often using body weight exercises, or on post-operative rehabilitation [18–22].
However, based on studies from Steele and colleagues, ILEX is superior for strengthening
and reconditioning of paraspinal lumbar extensor muscles [12,15] and ensures safe iso-
lated heavy loading exercises in controlled movement (limited range of motion) for the
patient [13].

To the best of our knowledge, there is no study that has so far evaluated the clinical
outcome of ILEX in a homogenous patient group with clinically and MRI-diagnosed lumbar
disk herniation together with lower limb radiculopathy and sensory impairment. In this
current study, we analyzed the clinical outcomes of a consecutive patient series with LDH
but without additional spinal disorders or age-related degeneration. Furthermore, we
evaluated the effect of influencing factors such as pain duration, severity of symptoms, age,
disk level and strength increase on clinical outcome.
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2. Materials and Methods
2.1. Patients

Patients included in this study were part of a large consecutive case series. All
participated in a medical strengthening therapy program (18 sessions in total) including
one set of ILEX exercise with limited ROM in the same spine center (2002–2019; Dr. Florian
Alfen, Würzburg, Germany). Via retrospective data analysis, clinical outcome measures
were analyzed for patients fulfilling the following criteria: patients who started the program
and had one or more diagnosed lumbar disk herniations on an MRI that was not older
than 3 months prior to the start of the exercise program. Patient data were not included
when the patient had undergone previous surgical procedures in the spine region. Patients
were also not considered when they performed less than 3 sessions or dropped out due to
non-medical reasons. In order to exclude the impact of spine degeneration as a potential
additional source of symptoms, those with diagnosed degenerative and inflammatory
disorders (e.g., facet joint arthritis, stenosis, spondylolisthesis) were excluded as well.
Assuming substantial degenerative changes in patients older than 50 years of age, those
patients were excluded as well.

Altogether, 189 patients (123 men and 66 women; mean age, 36 years) fulfilled the
above inclusion criteria, and outcome data from the below-described ILEX exercise rehabili-
tation program were analyzed. There were 21 patients who did not finish the full treatment
of 18 sessions in the suggested time frame due to medical reasons (average drop out after
12.0 sessions): persistent symptoms and immediate spine surgery suggested by the local
medical consultant (FA) (n = 14); persistent symptoms and not willing to continue despite
no surgical indication by the medial consultant (n = 7).

In total, clinical data on clinical outcomes from 168 patients (110 men, 58 women with
a mean age of 37 years (range 16–50) were further analyzed in detail. All the included
patients had tried different conservative treatment regimens previously with only scarce
success. The majority (n = 140, 84%) had performed different types of physiotherapy
(manual therapy, physical therapy, exercise). Most patients (n = 134, 80%) were physically
active in different sport activities such as endurance sports (n = 100, 59%), fitness and
strength training (n = 41, 24%) or team sports (n = 46, 27%).

2.2. Clinical Examination

All patients underwent clinical examination by an experienced orthopedic consultant
and spine surgeon (FA) in the same local spine center. Medical history was reviewed, and
MRI images were assessed. Careful neurological examination including sensory, motor
and standard reflex testing of the lower limbs was performed [5]. When there were signs
of permanent lower limb weakness, paralysis or impairment of bowel and bladder control,
patients were recommended to undergo immediate surgery, thus not being part of this
study (see exclusion criteria). Patients that had acceptable motor function, but signs of
sensory impairment and high pain intensity were assigned for conservative rehabilitation
and recruited for the current study. Clinical examinations were generally repeated after 6,
12 and 18 exercise sessions.

Almost all patients in this study (n = 159, 95%) suffered from radiculopathy in dif-
ferent regions: pelvis/hip (n = 51, 30%), legs (n = 133, 79%) and buttocks (n = 99, 59%)
(Figure 1a). LDH mostly occurred at L5/S1 (n = 131, 78%), followed by L4/L5 (n = 71,
42%), L3/L4 (n = 14, 8%), L2/L3 (n = 1, <1%) and L1/L2 (n = 1, <1%) (Figure 1b). Multiple
disk herniations were detected in 40 patients (24%). In addition, 50 patients (31%) were on
painkillers and related medication at the start of the therapy program. In total, 80 patients
had taken medication in the past against their symptoms. Apart from one patient with
high blood pressure, one with gastritis and one with cirrhosis of the kidney, there were no
chronic internal and inflammatory diseases among the patients.
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Figure 1. Characteristics of symptoms related to the area of radiculopathy (a) and the affected disk level (b). 
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of the pelvis [23,24]. The restraint system used is based on a previously described lumbar 

extension machine system (Figure 2) and has been used in multiple studies on patients 

with unspecific low back pain [12,14]. After the position and settings were determined, a 

counterweight was locked into place to neutralize the gravitational forces of the upper 

body (head, torso, arm). Furthermore, patients were tested for limitations in their lumbar 

range of motion (ROM) between 0° and 72°. Since studies have shown that ILEX with 

limited ROM is equally effective as compared to full ROM in increasing extension strength 

and can nonetheless result in perceived pain reductions [25], the exercise ROM was ad-

justed to patients’ mobility and symptoms (Figure 2). To reduce mechanical stress on lum-

bar discs and/or the nerve root, patients in acute (inflammatory) stages were more dis-

tinctly restricted in flexion in this study (average 42°) [22]. 
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extremely severe pain and were in a very acute stage were not tested for safety reasons. 

Figure 1. Characteristics of symptoms related to the area of radiculopathy (a) and the affected disk level (b).

2.3. Lumbar Extension Machine

According to previous studies, isolated training of paraspinal lumbar extensor muscles
requires pelvis stabilization in order to increase local muscle loading but also to eliminate
the contribution of the gluteal and hamstring muscles that cause backward rotation of
the pelvis [23,24]. The restraint system used is based on a previously described lumbar
extension machine system (Figure 2) and has been used in multiple studies on patients
with unspecific low back pain [12,14]. After the position and settings were determined, a
counterweight was locked into place to neutralize the gravitational forces of the upper body
(head, torso, arm). Furthermore, patients were tested for limitations in their lumbar range
of motion (ROM) between 0◦ and 72◦. Since studies have shown that ILEX with limited
ROM is equally effective as compared to full ROM in increasing extension strength and
can nonetheless result in perceived pain reductions [25], the exercise ROM was adjusted
to patients’ mobility and symptoms (Figure 2). To reduce mechanical stress on lumbar
discs and/or the nerve root, patients in acute (inflammatory) stages were more distinctly
restricted in flexion in this study (average 42◦) [22].
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Figure 2. Exercise machine and its restraint system. Training in limited range of motion following a
benchmark on the screen.

After the apparatus had been adjusted to the patients’ anthropometric characteristics,
an isometric extension strength test was performed for most patients. Patients that had
extremely severe pain and were in a very acute stage were not tested for safety reasons.
In order to determine the isometric extension strength, four positions within the chosen
ROM were tested. Patients were instructed to extend their back against the upper back pad
by gradually building tension over a two to three second period. Once maximal tension
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was achieved, the contraction was maintained for one second before relaxing. Between
each isometric contraction, a rest period of about 10 s was provided while the patient was
moved softly between flexion and extension several times. The testing procedure was
repeated at the end of the rehabilitation program.

2.4. Exercise Protocol

In general, the training consisted of a dynamic lumbar extension resistance exercise
with high intensity and low frequencies. Studies on the efficiency of ILEX have revealed
that one to two exercise sessions per week and one set per session with high intensities
targeting momentary muscular failure provide sufficient training stimulus to restore lumbar
extension strength [26]. In this study, 18 sessions (two sessions per week) were applied.
Each flexion–extension cycle during ILEX training lasted for around 10 s (4 s extension, 2 s
holding in maximal extension, 3 s flexion) providing for a safe, controlled movement and a
sustained time under tension of the muscles. Within the first six sessions, patients were
trained with submaximal loads gradually adapting to the training regimen. Sessions one
to nine were characterized by continuous increase of both resistance load and ROM. From
session 10 onwards, the exercise load was set high enough to achieve total muscle fatigue
after 12–15 repetitions. For optimal muscle control and in order to avoid fast, uncontrolled
movements potentially harming the patient, the speed of each flexion–extension cycle
was guided by a benchmark on the screen. The increase of training weights and the
modifications of the ROM were set in accordance with the patients’ current pain status
and wellbeing. In addition to the ILEX training, patients performed four different exercises
(one set, 12–15 repetitions) to improve core stabilization and to condition superficial back
muscles. These exercises were customized to the individual situation of the patients. The
most common exercises were abdominal crunch (only in non-acute patients!), horizontal
rowing, standing cable pull, reverse butterfly and latissimus pull-down. Patients were
permanently supervised by one experienced therapist.

2.5. Outcome Measures

Before the first and after the last training sessions, questionnaires were filled out by
the patients. The current pain/radiculopathy (SR) status was rated by a numeric rating
sale (0–10, 0 = no pain, 10 severe pain). Using the same scale, impact on mental health
(IOMH) (0 = no impact, 10 = severe impact) and satisfaction with the clinical results (0 = not
satisfied, 10 very satisfied) was measured. The overall progress of the rehabilitation (clinical
outcome) was stated in percentage of (0% = no change, no improvement; 100% = complete
relief of symptoms). Furthermore, patients were asked to judge on the clinical outcome by
one of the following terms: free of symptoms, marked improvement, light improvement,
no change, worsening of symptoms.

2.6. Statistics

SPSS was used to analyze the data (SPSS, Chicago, IL, USA). Normal distribution was
tested using the Kolmogorov–Smirnov test. Non-parametric tests were used to analyze
clinical outcome (Wilcoxon test) and to determine differences in clinical results between
groups (Mann–Whitney U, Kruskal–Wallis with Bonferroni correction). Spearman cor-
relation coefficient was calculated for determining whether pain scores, age or achieved
strength increase correlated with clinical outcome and satisfaction. Furthermore, a multiple
linear regression was calculated to predict clinical outcome for these factors. Significance
level was set to p-value < 0.05

2.7. Ethical Consideration

The study was approved by the local ethics committee (Sports Science Institute,
Würzburg University, Würzburg, Germany). All patients signed an informed consent.
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3. Results

After 18 sessions, 162 out of 168 patients (96.4%) reported significant reduction of
clinical symptoms: 146 patients (86.9%) were completely free of symptoms or had some
remaining minor symptoms. No patients had a worsening of symptoms (Figure 3).
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Figure 3. Overview of subjective evaluation of clinical results (in %).

Pain and radiculopathy symptoms (NRS) decreased on average from 4.2 (±1.5) to
1.9 (±1.5) (p < 0.001) (−54.8% reduction), and the impact on mental health (suffering)
decreased from 5.9 (±2.3) to 2.4 (±2.0) (p < 0.001) (−59.4% reduction) (Figure 4a). On
NRS scales, the impact on mental health was rated significantly higher than the physical
symptoms (Figure 4b).
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Figure 4. Change in symptoms (pain/radiculopathy scores, PR) and impact on mental health (IOMH) before and after the
rehabilitation program (a). Comparison between PR and IOMH before and after the study (b). (** p < 0.01, *** p < 0.001).

The satisfaction rate was, on average, 8.5 ± 2.0 (range 0–10), and the clinical outcome
was rated 78.9% ± 20.4 (range 0–100). The precise distribution of these two parameters is
shown in Figure 5a,b. Isometric lumbar extension strength improved by 35.7% on average.

There was a weak correlation between lower levels of pain and mental suffering prior
to the treatment, and better clinical results in terms of rehabilitation progress. Lower pain
levels before the program also correlated weakly with the satisfaction of the treatment
(Table 1). There were no correlations with the parameters age and strength increase.
Multiple linear regression analysis showed that there was significant regression for clinical
outcome (in %) (F(4118) = 3.902, p < 0.01), with an R2 of 0.117. Clinical outcome decreased
by 3.40% for each point higher on the NRS scale for pain and radiculopathy (PR), which
was therefore a weak but significant predictor (p < 0.01) of clinical outcome. Similar results
were found for satisfaction (F(4118) = 3.174, p < 0.05, R2 = 0.097). For each point higher on
NRS for PR, the satisfaction decreased by 0.33 points (p < 0.05). There was no significant
prediction for the other factors IOMH, age and strength increase.
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Figure 5. Clinical outcome (a) and satisfaction rates (b) related to the therapy program (in number of patients).

Table 1. Analysis of Spearman correlation coefficient between pain (pre), perceived impact on
mental health (pre), age and strength increase with overall clinical outcome and satisfaction rates.
(** p < 0.01, *** p < 0.001).

Clinical Outcome (in %)
(Spearman Rho)

Satisfaction Rats
(Spearman Rho)

pain (pre) −0.261 *** −0.207 **
impact on mental health (pre) −0.207 ** −0.139
Age −0.034 −0.020
strength increase 0.098 0.041

The affected disk level and the duration of symptoms had no impact on the results
(Table 2). There was a trend for acute patients (<3 months of symptoms) showing better
outcome than in chronic patients.

Table 2. Comparison of outcome measures (mean ± standard deviation) in patients with different
affected disc levels and different durations of symptoms.

Clinical Outcome (in %) Satisfaction Rats

Affected disk p = 0.771 a p = 0.822 a

L5/S1 78.60 ± 19.14 8.51 ± 1.77
L4/L5 80.97 ± 13.50 8.74 ± 1.48
L5/S1 + L4/L5 78.00 ±23.84 8.43 ± 2.22

Duration of symptoms p = 0.282 a p = 0.317 a

<3 months 82.24 ± 15.65 8.88 ± 1.23
3–12 months 75.91 ± 21.17 8.23 ± 2.27
>12 months 75.96 ± 24.04 8.12 ± 2.34

a Kruskal Wallis test.

Patients that dropped out due to persisting high pain levels (n = 21) had significantly
higher levels of PR and IOMH than those who finished the therapy program (Figure 6).
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4. Discussion

This is, to our knowledge, the first study that has examined the clinical outcome of an
ILEX-based exercise therapy program on a large series of patients with properly diagnosed
lumbar disk herniation on MRI exhibiting radiculopathy and sensory impairment. The
results of the study showed that almost all patients (162/168) who finished the 9-week
program were safely and successfully treated with this ILEX-based exercise program. None
of the patients who finished the program reported a worsening of symptoms. There was
a significant reduction of average scores related to pain and radiculopathy symptoms
and influence on mental health. Furthermore, there were high scores for clinical outcome
and satisfaction rate. Among the analyzed factors, only high levels of pain and impact
on mental health showed a (weak) negative correlation with the clinical outcome. For
pain, there was also a weak correlation with satisfaction with the treatment. Furthermore,
pre-interventional pain levels were a predictor for the clinical outcome and satisfaction rate
based on linear regression analysis. Patients who dropped out during the process due to
medical reasons had significant higher PR and IOMH scores prior to therapy start than
those from the final case series.

There is still a debate whether surgical or non-operative treatment is best for patients
with LDH, especially in the long-term perspective. In recent meta-analyses, some low
evidence (considered as low quality) indicated surgery being more effective than prolonged
non-operative treatment, considering short-term pain relief and improved physical func-
tion [27,28]. However, studies evaluating long-term outcomes have shown no significant
differences between the two treatments after one, two and five years [9,10,28]. The authors
concluded that prolonged conservative management might give patients a good chance
to become pain-free without surgery, but some authors also highlight the risks of delayed
surgery after prolonged suffering from sciatica. Across all these studies, it becomes clear
that there is a lack of high-quality interventions and that there is a variety of different
treatment approaches, making it difficult to rate the effectiveness of conservative treatments
in general. Therefore, clinicians are faced with the difficulty of choosing the right treatment
option for patients with LDH. Furthermore, there is a lack of research on customized
treatment approaches. Some of ILEX main advantages are that it can standardize ROM
and can constantly be adapted to patients’ complaints, which allows a pain-free treatment
even in acute stages.

Looking at the existing studies on exercise interventions in LDH patients, the majority
has applied different types of core stabilization and motor control exercises. The results
indicate positive effects on lumbar disk function restoration and pain reduction [18–22,29].
Furthermore, in an RCT by Ye and colleagues, lumbar spine stabilization exercises have
shown to have superior effects compared to general exercise [18]. Despite these promising
results for exercise interventions, there are also some major difficulties. First of all, there is
only a limited number of comprehensive studies to date; second, comparative evaluation
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of treatments proves to be difficult due to different standardization forms; finally, none
of the conservative treatment options has this far shown continuous success throughout
different patient subgroups and qualifies as gold standard [8]. According to Hahne and
colleagues, this discrepancy and variety in treatment responses between individuals may
be due to a high heterogeneity among patients. Since many studies have diagnosed LDH
without using an MRI by neurological examinations alone, they have often failed to exclude
patients with other potential pain sources such as degenerative stenosis, spondylolisthesis
and (age-related) facet joint arthritis [8]. To avoid this drawback, all patients included in
this study were neurologically examined by an experienced medical consultant and spine
surgeon and also presented an MRI that was not older than 3 months. Further, patients
were not older than 50 years of age and had no additional pathological changes in the
spine on MRI. With this study approach, we were able to establish a homogenous patient
population guaranteeing a proper examination of the interventional effect on LDH.

The pathophysiological mechanisms of development and spontaneous recovery of
LDH are not fully understood. However, it is well established that the probability of
spontaneous regression is associated with the type of herniation. The rate and occurrence of
regression has been found to be 96% for disk sequestration and 70% for disk extrusion. The
rate of complete resolution of disk herniation has been shown to be 43% for sequestrated
disks and 15% for extruded disks [30]. According to recent investigations, it is likely
that an inflammatory response against the free fragments is one key mechanism and a
good prognostic indicator for the regression process including matrix remodeling and
neovascularization [31,32]. Zhong and colleagues compared the rate of spontaneous
regression (overall mean 67%) between studies from different countries and concluded
that Western countries with potentially advanced medical systems and standardized
conservative treatment algorithms, such as the UK (mean 83%), have higher rates of
disk regression [11]. Thus, the type of conservative treatment method has most likely
significant effects on the regression of LDH and on the clinical improvement of patients by
increasing spinal stability. In any case, there seems to be a good chance for LDH patients to
recover from their symptoms without surgery. Therefore, conservative measures should
be first-line treatment. Early surgery may be required when patients exhibit significant
impairment of motor functions and/or bladder and bowl control. Another exception may
be patients suffering from lateral disk herniations [33]. For this quite rare condition—which
accounts only for 7–12% of LDH patients—conservative management is often not successful
according to Epstein [33]. The six patients in our study who did not benefit from ILEX
training had medial or medial-lateral disk herniations. Reasons why these patients did not
report a reduction in pain symptoms remain unclear.

It has become evident that chronic pain conditions in the lower back are associated
with a deconditioning process in the paraspinal back muscles and that selective strength-
ening of these muscles should be one major target in the rehabilitation process for this
patient group [12]. Indeed, excellent clinical outcome has been demonstrated in multi-
ple studies [14]. When comparing different exercise approaches, there is some evidence
that the best isolation of the paraspinal muscle can be achieved by appropriate pelvic
restraint [15]. According to Steele and colleagues, the system used in the current study can
provoke higher muscle fatigue than other approaches [15]. In a study by Fortin et al., the
relationship between muscle atrophy and local fat infiltration in the paraspinal muscle, and
the level and location of LDH and symptoms was shown [16]. Thus, there is a rational for
applying ILEX for the rehabilitation of LDH patients too. Beside the isolation of paraspinal
muscles, another advantage of ILEX training compared to other exercise types is that it can
be standardized by adjusting the ROM (e.g., reducing movement in flexion) and resistance
load to ensure safety for the patient, especially in the acute stages. This adaption is based
on the findings from cadaver studies highlighting that the amount of compressive force
and tension in the nerve root increases with flexion of the spine [34]. Yet, the physiological
mechanisms behind the clinical effects of exercise interventions are not completely under-
stood. Based on the anatomical situation of paraspinal back muscles (e.g., multifidus) and
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their function as spine stabilizer, it is very likely that regaining muscle strength enhances
spinal stability, which may facilitate the healing process of the disk. This aspect needs to be
explored in further studies. As radiographic resolution of LDH is expected to be seen on
average after 9–10 months [32], it is also necessary to follow up patients via MRI. Based
on the current data, it cannot be ruled out that some patients would have been cured by
spontaneous LDH remission through wait and see. However, as all patients had tried other
treatments without success, it is likely that ILEX was needed to stabilize the spine, which
may enhance the probability of regression of LDH.

The results of this study clearly show that ILEX with adapted ROM and heavy re-
sistance load is a very promising tool for the rehabilitation of patients with LDH and
radiculopathy. Due to its standardizing character, it may also serve as a safe postoperative
rehabilitation measure to regain strength and prevent from recurrent LDH. For appropriate
decision making, it is important to note that higher pre-interventional scores for PR and
IOMH weakly correlate with lower rehabilitation progress. In our initial material, the 21
patients that dropped out due to persistent pain and/or surgery had on average signifi-
cantly higher scores for pain and impact on mental health compared to those that finished
the program. Thus, for patients with extremely high pain levels, clinicians should keep
in mind that surgery is perhaps needed, and the right choice should be evaluated after
each exercise session for those patients. For all other patients, it is very likely that ILEX can
successfully relief patients’ symptom. Surprisingly, the disk level of LDH and age had no
impact on the results. Another observation (not shown in the study) was that also the size
and location (medial vs. mediolateral) of LDH did not seem to have an impact. However,
there was a non-significant trend for acute patients (<3 months of symptoms) having better
results. Thus, despite the promising results of ILEX for almost all LDH patients, we believe
that treatment should ideally start early during the process of pathogenesis.

One limitation of the current study’s design is that several patients (n = 21) did not
finish the therapy and were excluded from the final analysis. For some patients (n = 14),
the decision to interrupt the therapy and instead undergo surgery was made by the local
consultant, while for the other patients that stopped the treatment (n = 7), there was
no clinical indication. However, the inclusion of these dropouts can also be seen as a
strength of this study, as it reflects the real situation in clinical practice. It shows that not all
patients can recover and avoid surgery, but those who are able to stick to the process of
ILEX-based rehabilitation have high chances of good clinical results. Another limitation
is the impact of painkillers (in 31% of patients) that has likely influenced the patients’
pre-interventional pain scores and isometric strength tests. For some patients, it was no
option to stay away from medication, especially in the beginning of the therapy. However,
during the program patients could gradually decrease the dose. Another limitation is that
additional conventional exercises were added to the therapy program. Thus, the clinical
outcome cannot be ascribed solely to ILEX. Furthermore, it can possibly be criticized that
patients beyond 50 years of age were excluded. This setpoint for age was determined
by expert consultation. We hypothesized that patients beyond 50 years of age would
exhibit increasing signs of spine degeneration that would likely influence pain perception.
Finally, this study is a case series and lacks comparison to a control group and/or another
treatment type. Randomized controlled studies comparing the clinical outcome of ILEX
in limited ROM to other surgical and conservative treatments for patients with LDH and
radiculopathy are warranted. Further research should also focus on gaining new insights
that may help to explain the mechanisms responsible for positive clinical outcomes.

Despite these limitations, the study can deliver important insights on the outcome
of ILEX and the benefits of exercise in general on herniated disks, as it reflects the real
situation in many clinical practices. All patients had tried other conservative methods
and were referred to the spine center for potential surgical intervention. The results can
help clinicians making appropriate decisions and highlight a new treatment approach
that is safe and promising. Further studies using imaging for monitoring rehabilitation
progress are now needed to shed more light on the mechanisms behind the good clinical
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outcome. Furthermore, the potential as a post-interventional program after surgery or
injection treatment needs to be evaluated.

Although not specifically addressed in this study, there is a high chance that aspects
relevant in the context of the psychosocial nature of back pain are at least partly responsible
for the clinical outcome. As such, it is possible that the controlled movement in pain-
free ROM during ILEX changes dysfunctional cognitions modulated by fear of pain (e.g.,
kinesiophobia, fear-avoidance behaviour). Thus, the patient can reconsider his attitudes
and behavior, thereby regaining trust in the capabilities of his body. In this context, the role
of the therapist needs to be highlighted, as he is responsible for creating an atmosphere of
trust and safety for the course of the whole therapy. Comparison of pre/post scores show
that the reduction of IOMH was larger than that of PR, which may be an indicator for an
increased trust in patients’ own body but also in the therapy as such.

5. Conclusions

In conclusion, the current study is the first to show evidence and safety for the effective
treatment of patients with LDH and radiculopathy using ILEX. Among the analyzed factors,
only high pre-interventional pain scores and impact on mental health showed a weak
negative correlation with the clinical outcome. Due to the possibility of standardization of
ROM, it may also serve for other patient groups with neuropathic pain conditions and for
post-operative rehabilitation. The results can support orthopedic consultants in decision
making.

Author Contributions: Conceptualization, W.G., C.R., H.A., F.M.A. and C.S.; methodology, W.G.,
C.R., H.A., B.D. and C.S.; software, W.G., V.M.H. and C.S.; formal analysis, W.G., V.M.H. and C.S.;
investigation, W.G., B.D., F.M.A. and C.S.; data curation, W.G., V.M.H. and C.S.; writing—original
draft preparation, W.G. and C.S.; writing—review and editing, W.G., C.R., B.D., V.M.H., H.A., F.M.A.
and C.S.; visualization, W.G. and C.S.; supervision, C.R. and C.S.; project administration, C.S.;
W.G. was involved in conceptualization, investigation, data collection and analysis, co-authored the
first draft of the manuscript; C.R. co-supervised the study, was involved in the conceptualization
and manuscript writing; V.M.H. was involved in the data analysis, visualization of the results
and manuscript writing; B.D. was involved in methodology and data collection and edited the
manuscript; H.A. co-supervised the study and was involved in reviewing the manuscript; F.M.A.
performed all clinical examinations, was involved in conceptualization and methodology; C.S. was
the main supervisor of the study, co-authored the first draft of the manuscript and was involved in
conceptualization, data collection and analysis. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board of Institute of Sports
Science, Würzburg University, Germany.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated and analyzed during the current study are not
publicly accessible but are available from the corresponding author on reasonable request.

Acknowledgments: The authors would like to thank Heiko Braun for collaboration concerning MRI
images. Furthermore, we would like to acknowledge Andreas Lösch for providing excellent figure
(Figure 2).

Conflicts of Interest: F.M.A. is involved in a company (Health Consulting Dr. Alfen) that sells
devices (Powerspine) that are based on the fixation system used in this study. However, the study
was not funded by this company, and none of the other authors is employed by it. The exercise
devices used in this study were not from this company.



J. Clin. Med. 2021, 10, 2430 12 of 13

References
1. Fardon, D.F.; Milette, P.C. Nomenclature and classification of lumbar disc pathology. Spine 2001, 26, E93–E113. [CrossRef]
2. Konstantinou, K.; Dunn, K.M. Sciatica: Review of epidemiological studies and prevalence estimates. Spine 2008, 33, 2464–2472.

[CrossRef] [PubMed]
3. Scholz, J.; Finnerup, N.B.; Attal, N.; Aziz, Q.; Baron, R.; Bennet, R.I.; Benoliel, R.; Cohen, M.; Cruccu, G.; Davis, K.D.; et al.

Classification Committee of the Neuropathic Pain Special Interest Group (NeuPSIG). The IASP classification of chronic pain for
ICD-11: Chronic neuropathic pain. Pain 2019, 160, 53–59. [CrossRef] [PubMed]

4. Amin, R.M.; Andrade, N.S.; Neuman, B.J. Lumbar Disc Herniation. Curr. Rev. Musculoskelet. Med. 2017, 10, 507–516. [CrossRef]
[PubMed]

5. Lurie, J.D.; Tosteson, A.N.A.; Tosteson, T.D.; Carragee, E.; Carrino, J.A.; Kaiser, J.; Blanco Sequeiros, R.T.; Lecomte, A.R.; Grove,
M.R.; Blood, E.A.; et al. Reliability of magnetic resonance imaging readings for lumbar disc herniation in the Spine Patient
Outcomes Research Trial (SPORT). Spine 2008, 33, 991–998. [CrossRef]

6. Van der Windt, D.A.; Simons, E.; Riphagen, I.I.; Ammendolia, C.; Verhagen, A.P.; Laslett, M.; Devillé, W.; Deyo, R.A.; Bouter, L.M.;
de Vet, H.C.; et al. Physical examination for lumbar radiculopathy due to disc herniation in patients with low-back pain. Cochrane
Database Syst. Rev. 2010, 2, CD007431. [CrossRef] [PubMed]

7. Al Nezari, N.H.; Schneiders, A.G.; Hendrick, P.A. Neurological examination of the peripheral nervous system to diagnose lumbar
spinal disc herniation with suspected radiculopathy: A systematic review and meta-analysis. Spine J. 2013, 13, 657–674. [CrossRef]

8. Hahne, A.J.; Ford, J.J.; McMeeken, J.M. Conservative management of lumbar disc herniation with associated radiculopathy: A
systematic review. Spine 2010, 35, E488–E504. [CrossRef]

9. Peul, W.C.; van den Hout, W.B.; Brand, R.; Thomeer, R.T.W.M.; Koes, B.W. Prolonged conservative care versus early surgery
in patients with sciatica caused by lumbar disc herniation: Two year results of a randomised controlled trial. BMJ 2008, 336,
1355–1358. [CrossRef]

10. Lequin, M.B.; Verbaan, D.; Jacobs, W.C.; Brand, R.; Bouma, G.J.; Vandertop, W.P.; Peul, W.C. Surgery versus prolonged conservative
treatment for sciatica: 5-year results of a randomised controlled trial. BMJ Open 2013, 3, e002534. [CrossRef]

11. Zhong, M.; Liu, J.T.; Jiang, H.; Mo, W.; Yu, P.F.; Li, X.C.; Xue, R.R. Incidence of Spontaneous Resorption of Lumbar Disc Herniation:
A Meta-Analysis. Pain Physician 2017, 20, E45–E52. [PubMed]

12. Steele, J.; Bruce-Low, S.; Smith, D. A reappraisal of the deconditioning hypothesis in low back pain: Review of evidence from a
triumvirate of research methods on specific lumbar extensor deconditioning. Curr. Med. Res. Opin. 2014, 30, 865–911. [CrossRef]

13. Hodges, P.W.; Danneels, L. Changes in Structure and Function of the Back Muscles in Low Back Pain: Different Time Points,
Observations, and Mechanisms. J. Orthop. Sports Phys. Ther. 2019, 49, 464–476. [CrossRef]

14. Steele, J.; Bruce-Low, S.; Smith, D. A review of the clinical value of isolated lumbar extension resistance training for chronic low
back pain. PM&R 2015, 7, 169–187.

15. Steele, J.; Bruce-Low, S.; Smith, D. A review of the specificity of exercises designed for conditioning the lumbar extensors. Br. J.
Sports Med. 2015, 49, 291–297. [CrossRef] [PubMed]

16. Fortin, M.; Lazáry, À.; Varga, P.P.; McCall, I.; Battié, M.C. Paraspinal muscle asymmetry and fat infiltration in patients with
symptomatic disc herniation. Eur. Spine J. 2016, 25, 1452–1459. [CrossRef] [PubMed]

17. Choi, G.; Raiturker, P.P.; Kim, M.J.; Chae, Y.S.; Lee, S.H. The effect of early isolated lumbar extension exercise program for patients
with herniated disc undergoing lumbar discectomy. Neurosurgery 2005, 57, 764–772. [CrossRef]

18. Ye, C.; Ren, J.; Zhang, J.; Wang, C.; Liu, Z.; Li, F.; Sun, T. Comparison of lumbar spine stabilization exercise versus general exercise
in young male patients with lumbar disc herniation after 1 year of follow-up. Int. J. Clin. Exp. Med. 2015, 8, 9869–9875.

19. Jeong, D.K.; Choi, H.H.; Kang, J.I.; Choi, H. Effect of lumbar stabilization exercise on disc herniation index, sacral angle, and
functional improvement in patients with lumbar disc herniation. J. Phys. Ther. Sci. 2017, 29, 2121–2125. [CrossRef] [PubMed]

20. Bayraktar, D.; Guclu-Gunduz, A.; Lambeck, J.; Yaziki, G.; Aykol, S.; Demirci, H. A comparison of water-based and land-based
core stability exercises in patients with lumbar disc herniation: A pilot study. Disabil. Rehabil. 2016, 38, 1163–1171. [CrossRef]
[PubMed]

21. Hebert, J.J.; Fritz, J.M.; Thackeray, A.; Koppenhaver, S.L.; Teyhen, D. Early multimodal rehabilitation following lumbar disc
surgery: A randomised clinical trial comparing the effects of two exercise programmes on clinical outcome and lumbar multifidus
muscle function. Br. J. Sports Med. 2015, 49, 100–106. [CrossRef] [PubMed]

22. Vangelder, L.H.; Hoogenboom, B.J.; Vaughn, D.W. A phased rehabilitation protocol for athletes with lumbar intervertebral disc
herniation. Int. J. Sports Phys. Ther. 2013, 8, 482–516.

23. Graves, J.E.; Webb, D.C.; Pollock, M.L.; Matkozich, J.; Leggett, S.H.; Carpenter, D.H.; Foster, D.N.; Cirulli, J. Pelvic stabilization
during resistance training: Its effect on the development of lumbar extension strength. Arch. Phys. Med. Rehabil. 1994, 75, 210–215.
[CrossRef]

24. Smith, D.; Bissell, G.; Bruce-Low, S.; Wakefield, C. The effect of lumbar extension training with and without pelvic stabilization
on lumbar strength and low back pain. J. Back Musculoskelet. Rehabil. 2011, 24, 241–249. [CrossRef]

25. Steele, J.; Bruce-Low, S.; Smith, D.; Jessop, D.; Osborne, N. A randomized controlled trial of limited range of motion lumbar
extension exercise in chronic low back pain. Spine 2013, 38, 1245–1252. [CrossRef]

26. Steele, J.; Fitzpatrick, A.; Bruce-Low, S.; Fischer, J. The effects of set volume during isolated lumbar extension resistance training
in recreationally trained males. PeerJ 2015, 3, e878. [CrossRef]

http://doi.org/10.1097/00007632-200103010-00006
http://doi.org/10.1097/BRS.0b013e318183a4a2
http://www.ncbi.nlm.nih.gov/pubmed/18923325
http://doi.org/10.1097/j.pain.0000000000001365
http://www.ncbi.nlm.nih.gov/pubmed/30586071
http://doi.org/10.1007/s12178-017-9441-4
http://www.ncbi.nlm.nih.gov/pubmed/28980275
http://doi.org/10.1097/BRS.0b013e31816c8379
http://doi.org/10.1002/14651858.CD007431.pub2
http://www.ncbi.nlm.nih.gov/pubmed/20166095
http://doi.org/10.1016/j.spinee.2013.02.007
http://doi.org/10.1097/BRS.0b013e3181cc3f56
http://doi.org/10.1136/bmj.a143
http://doi.org/10.1136/bmjopen-2012-002534
http://www.ncbi.nlm.nih.gov/pubmed/28072796
http://doi.org/10.1185/03007995.2013.875465
http://doi.org/10.2519/jospt.2019.8827
http://doi.org/10.1136/bjsports-2013-092197
http://www.ncbi.nlm.nih.gov/pubmed/24092889
http://doi.org/10.1007/s00586-016-4503-7
http://www.ncbi.nlm.nih.gov/pubmed/26957101
http://doi.org/10.1227/01.NEU.0000175858.80925.38
http://doi.org/10.1589/jpts.29.2121
http://www.ncbi.nlm.nih.gov/pubmed/29643588
http://doi.org/10.3109/09638288.2015.1075608
http://www.ncbi.nlm.nih.gov/pubmed/26328542
http://doi.org/10.1136/bjsports-2013-092402
http://www.ncbi.nlm.nih.gov/pubmed/24029724
http://doi.org/10.1016/0003-9993(94)90398-0
http://doi.org/10.3233/BMR-2011-0301
http://doi.org/10.1097/BRS.0b013e318291b526
http://doi.org/10.7717/peerj.878


J. Clin. Med. 2021, 10, 2430 13 of 13

27. Chen, B.L.; Guo, J.B.; Zhang, H.W.; Zhang, Y.J.; Zhu, Y.; Zhang, J.; Hu, H.Y.; Zheng, Y.L.; Wang, X.Q. Surgical versus non-operative
treatment for lumbar disc herniation: A systematic review and meta-analysis. Clin. Rehabil. 2018, 32, 146–160. [CrossRef]
[PubMed]

28. Jacobs, W.C.; van Tulder, M.; Arts, M.; Rubinstein, S.M.; van Middelkoop, M.; Ostelo, R.; Verhagen, A.; Koes, B.; Peul, W.C.
Surgery versus conservative management of sciatica due to a lumbar herniated disc: A systematic review. Eur. Spine J. 2011, 20,
513–522. [CrossRef] [PubMed]

29. França, F.J.R.; Callegari, B.; Ramos, L.A.V.; Burke, T.N.; Magalhães, M.O.; Comachio, J.; CarvalhoSilva, A.P.M.C.; Almeida,
G.P.L.; Marques, A.P. Motor Control Training Compared with Transcutaneous Electrical Nerve Stimulation in Patients with
Disc Herniation with Associated Radiculopathy: A Randomized Controlled Trial. Am. J. Phys. Med. Rehabil. 2019, 98, 207–214.
[CrossRef]

30. Chiu, C.C.; Chuang, T.Y.; Chang, K.H.; Wu, C.H.; Lin, P.W.; Hsu, W.Y. The probability of spontaneous regression of lumbar
herniated disc: A systematic review. Clin. Rehabil. 2015, 29, 184–195. [CrossRef] [PubMed]

31. Macki, M.; Hernandez-Hermann, M.; Bydon, M.; Gokaslan, A.; McGovern, K.; Bydon, A. Spontaneous regression of sequestrated
lumbar disc herniations: Literature review. Clin. Neurol. Neurosurg. 2014, 120, 136–141. [CrossRef] [PubMed]

32. Cunha, C.; Silva, A.J.; Pereira, P.; Vaz, R.; Gonçalves, R.M.; Barbosa, M.A. The inflammatory response in the regression of lumbar
disc herniation. Arthritis Res. Ther. 2018, 20, 251. [CrossRef] [PubMed]

33. Epstein, N.E. Foraminal and far lateral lumbar disc herniations: Surgical alternatives and outcome measures. Spinal Cord 2002, 40,
491–500. [CrossRef] [PubMed]

34. Schnebel, B.E.; Watkins, R.G.; Dillin, W. The role of spinal flexion and extension in changing nerve root compression in disc
herniations. Spine 1989, 14, 835–837. [CrossRef] [PubMed]

http://doi.org/10.1177/0269215517719952
http://www.ncbi.nlm.nih.gov/pubmed/28715939
http://doi.org/10.1007/s00586-010-1603-7
http://www.ncbi.nlm.nih.gov/pubmed/20949289
http://doi.org/10.1097/PHM.0000000000001048
http://doi.org/10.1177/0269215514540919
http://www.ncbi.nlm.nih.gov/pubmed/25009200
http://doi.org/10.1016/j.clineuro.2014.02.013
http://www.ncbi.nlm.nih.gov/pubmed/24630494
http://doi.org/10.1186/s13075-018-1743-4
http://www.ncbi.nlm.nih.gov/pubmed/30400975
http://doi.org/10.1038/sj.sc.3101319
http://www.ncbi.nlm.nih.gov/pubmed/12235530
http://doi.org/10.1097/00007632-198908000-00010
http://www.ncbi.nlm.nih.gov/pubmed/2781396

	Introduction 
	Materials and Methods 
	Patients 
	Clinical Examination 
	Lumbar Extension Machine 
	Exercise Protocol 
	Outcome Measures 
	Statistics 
	Ethical Consideration 

	Results 
	Discussion 
	Conclusions 
	References

