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Purpose: Lumbar disc herniation, often treated with surgical decompression when conservative measures fail, presents challenges due
to prolonged prone positioning in surgeries. This retrospective study evaluates the benefits of preoperative adaptive training to mitigate
post-surgical physiological changes.

Patients and Methods: A review of medical records from June 2021 to March 2023 identified 170 patients unresponsive to
conservative treatments. Grouped into adaptive training and control groups based on historical data, the former had undergone
exercises to prepare for surgery and postoperative changes. Vital signs and VAS scores were extracted from patient records to assess
training impact.

Results: The adaptive training group demonstrated stabilized vital signs intraoperatively, with a notable improvement in surgical
exposure compared to the control group. However, there were no significant differences in operative time or blood loss between the
groups. Additionally, postoperative VAS scores showed no significant improvement in the adaptive training group at follow-up
intervals of 14 days, 1 month, and 3 months post-operation, compared to the control group.

Conclusion: Our study reveals that preoperative adaptive training stabilizes intraoperative blood pressure fluctuations in lumbar disc
herniation surgeries. However, this stabilization does not significantly impact long-term postoperative pain management. This high-
lights the need for further research to explore comprehensive strategies that effectively combine preoperative training with post-
operative care.
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Introduction

For patients diagnosed with lumbar disc herniation who have not responded to conservative treatments, surgical
decompression is often the recommended course of action.' The posterior decompression approach is a commonly
employed method for lumbar surgeries.” Lumbar procedures typically have extended durations, necessitating the patient’s
back soft tissues to endure prolonged traction in the prone position to clearly expose the surgical site.> This traction
process frequently results in fluctuations in the patient’s blood pressure and additional intraoperative bleeding.*
Moreover, standard posterior decompression surgery often requires the insertion of intervertebral fusion devices, pedicle
screws, and rods to achieve immediate postoperative stability.” Consequently, patients often experience postoperative
lumbar swelling and pain.® Current research reports indicate that postoperative lumbar sacral pain and discomfort,
resulting from the insertion of internal fixations, are primary complications following lumbar posterior decompression
and fixation surgery.’
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”The term ‘adaptive training,” originally associated with military training, is now being increasingly applied in the
medical field, particularly in preparing patients for spinal surgery. Soldiers, for instance, often spend time in different
climates to adapt to varying environmental conditions.®’ Similarly, we propose that patients undergoing lumbar surgery
could benefit from acclimatizing in advance to the surgical process and its postoperative repercussions. This could
potentially alleviate the discomfort caused by the physiological changes experienced after surgery.'’

In Shanghai, preoperative training for spinal surgery is a long-established practice. For instance, patients undergoing
anterior cervical decompression surgery are educated about tracheal shift exercises to reduce postoperative cervical
edema and pain, a method supported by existing literature.'' Extending this concept, adaptive training for lumbar spine
surgery can be specifically designed according to the surgical approach and the patient’s condition. For traditional open
lumbar surgeries, such training may include exercises to improve flexibility and strengthen the muscles around the
lumbar spine. This can help patients prepare for the postoperative recovery phase, potentially reducing recovery time and
enhancing pain management.

With the advent of minimally invasive spine surgery (MISS), the nature of preoperative adaptive training has evolved.
MISS techniques, known for smaller incisions and reduced tissue disruption, inherently lessen postoperative pain and
speed up recovery.'> ! However, the role of adaptive training remains crucial, albeit with a modified focus. In the
context of MISS, preoperative training can be more targeted towards educating patients about postoperative care,
mobility, and self-care techniques. This includes exercises to maintain muscle tone and flexibility without exerting
undue stress on the operated area. Such tailored training, attuned to the specificities of the surgical approach, holds the
potential to optimize surgical outcomes and enhance overall patient well-being.

Based on the aforementioned research findings and the authors’ clinical observations, this retrospective study
postulated that the factors contributing to discomfort in lumbar posterior surgery included prolonged prone positioning,
tension in the back soft tissues, intraoperative soft tissue traction, and changes in lumbar curvature following internal
fixation. While preoperative adaptive training for lumbar surgery had a longstanding history and had been practiced in
certain hospitals in Shanghai for a long history, historical research on the benefits of such training remained scarce.
Therefore, by reviewing patients’ vital signs and VAS scores preoperatively, intraoperatively, and postoperatively, we
aimed to evaluate the impact of preoperative adaptive training on postoperative outcomes in lumbar surgery patients.

Materials and Methods

Ethics Statement

The retrospective review and analysis of this study received approval from the Institutional Review Board of Shanghai
East Hospital, Shanghai, China. In adherence to the principles outlined in the Declaration of Helsinki, all research
activities were conducted ethically within our country. Written informed consent was obtained from every participant,
ensuring their voluntary participation and understanding of the study’s purpose and procedures. This study fully complies
with the ethical standards set forth in the Declaration of Helsinki for medical research involving human subjects.

Patient Population

This study reviewed a total of 170 patients, comprising 84 females and 86 males, admitted from June 2021 to
March 2023. The inclusion criteria were patients exhibiting degeneration in 1-2 lumbar segments, specifically in the L4-
L5, L5-S1, or L4-S1 regions, which are commonly affected segments in lumbar degenerative diseases. The primary
symptoms observed in these patients included numbness, pain in the lower limbs, or muscle weakness. All participants
had not responded to non-surgical treatments and had no prior history of lumbar surgery. Exclusion criteria were
comprehensive, including patients with adjacent segment disease post-lumbar surgery, lumbar tumors, lumbar spinal
stenosis, ankylosing spondylitis, and systemic autoimmune diseases such as rheumatoid arthritis, Parkinson’s disease,
amyotrophic lateral sclerosis, diabetes, and heart disease. After confirming lumbar degeneration and the specific
segments for surgery through physical examinations and auxiliary tests such as CT and MRI, the patients were allocated
into two groups: a stretch group and a control group. The division into groups was managed through a computer-
generated randomization process. To clarify, the study did not initially create a randomization table for all 170 patients.
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Instead, the process was iterative. We initially set up the program to generate a randomization table for 80 patients, with
40 patients per group. Once this initial cohort of 80 patients was included and their treatment was underway, we
generated a subsequent randomization table for another 80 patients, also divided into two groups of 40. This staggered
approach in patient inclusion and group allocation explains why the total number of patients eventually reached 170. It’s
important to note that this method of randomization was designed to ensure a balanced and unbiased distribution of

patients between the groups, considering the gradual accrual of participants over the study period.

Pre-Operation Training and Evaluation

Patients in the adaptive training group received education on the day of admission. Patients were positioned prone on the
bed with a pillow placed under their chest. They dorsiflexed their back muscles and maintained the position with upper
limbs (Figure 1). The exercise sequence was as follows: patients performed 20 repetitions of the dorsiflexion exercise,
doing these at a measured pace of 5 repetitions per minute. This pace was chosen to ensure that the exercises were both
manageable and effective, considering the patients’ physical condition pre-surgery. Upon completing these 20 repetitions,
constituting one set, patients were advised to remain in the prone position for a rest period of 10 minutes. This rest
interval allowed for muscle recovery and minimized the risk of strain. Each “large set” comprised four of these individual
sets, interspersed with the 10-minute rest periods.

To prevent fatigue and overexertion, patients had a significant rest period of 2-3 hours between each large set. In
total, approximately three large sets were conducted daily, striking a balance between adequate exercise and necessary
rest. It’s essential to note that the exercise regimen was not meant to exhaust the patients but to engage them in
a productive activity during their hospital stay. In cases where patients experienced immediate pain in the lower limbs or
back following the exercises, the regimen was promptly halted. Patients were then allowed to rest in the prone position
until the pain subsided, after which they could continue the exercises at their discretion. This approach ensured patient
safety and comfort while providing adequate physical preparation for the upcoming surgery. The exercise regimen began
3 days before surgery and ceased on the evening one day prior to the operation. Between the first and third day of
exercise, vital signs such as blood pressure, heart rate, blood oxygen saturation, and respiratory rate were measured.
Patients in the control group did not undergo the related training but had the same vital sign measurements taken during
their hospital stay.

After the adaptive training group patients completed their exercises, the posterior lumbar decompression surgery
proceeded as planned. Three surgeons from the same treatment group performed the posterior lumbar decompression
fusion surgery on the patients. During the surgical procedure, an anesthesiologist monitored and recorded the vital signs
of the patients, including blood pressure, blood oxygen saturation, and respiratory rate.

Follow-Up Evaluation
Clinical outcomes for patients in both groups were evaluated using the visual analogue scale (VAS) for back and leg pain.
Assessments were made pre-operation and at follow-up intervals of 14 days, | month and 3 months post-operation.

Figure | Adaptive training method. The patient was in prone position on the bed with a pillow placed under chest in rest. Dorsiflexed the back and maintain the position
with upper limbs for seconds.
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Statistical Analysis

Statistical analyses were performed using statistical software R 4.1.2 Differences between the averages of various indices
during exercise and surgery were determined. Paired #-tests assessed the impact of TSE on the variances of blood
pressure, respiratory rate, VAS, and blood oxygen saturation in the stretched group. The same method was applied to
analyze intraoperative changes of the indices after skin incision and before and after trachea retraction in both groups.
Data for blood pressure, respiratory rate, and blood oxygen saturation were presented as x+s. To evaluate the statistical
significance of postoperative improvements in outcome scores for each treatment group, 2-way ANOVA tests were
utilized. A P-value of less than 0.05 was considered statistically significant.

Results

Patient Characteristics

All patients (84 females, 86 males) completed the follow-up assessments, with an average age of 64 years (range, 48—84
years). Data on age, gender, and surgical segments were analyzed for all patients. No significant differences were
observed between the adaptive training group and the control group (Table 1). Besides, there was also no significant
intergroup difference in other vital signs such as blood pressure, respiratory rate, and back pain VAS score.

Analysis of Vital Signs at the Beginning and End of Training in the Training Group

In the stretched group, during the initial exercise, there was a notable increase in blood pressure, heart rate, and
respiratory fluctuations. The variations observed were 15 (£8.1) mm Hg for systolic blood pressure, 3.7 (+5.1) mm Hg
for diastolic blood pressure, and 4.1 (£1.8) times/min for the respiratory rate. By the conclusion of the final exercise, the
variations of systolic blood pressure were 7.7 mm Hg (£5.1), diastolic blood pressure were 1.9 mm Hg (+1.3) and
respiratory rate were 2.2 (£1.1) times/min. The observed reductions in these vital signs from the beginning to the end of
the training were statistically significant (p<0.001, as shown in Table 2).

Analysis of Vital Signs Between Stretch and Control Groups During the Surgery

The fluctuation in blood pressure in the Stretched group were significantly smaller than those in the control group
(p<0.01). However, the intraoperative respiratory and blood oxygen saturation showed no significant difference between
groups (p>0.05, Table 3). A key observation made during the surgeries was the enhanced surgical exposure in the

Table | Grouping and Demographic Data of the Patients

Control Stretch Overall
(N=83) (N=87) (N=170)
Age
Mean (SD) 63 (8.7) 65 (8.3) 64 (8.5)
Gender (%)
Female 43 (52%) 41 (47%) 84 (49%)
Male 40 (48%) 46 (53%) 86 (51%)
Segments (%)
One level 46 (55%) 43 (49%) 89 (52%)
Two level 37 (45%) 44 (51%) 81 (48%)

Table 2 Mean Fluctuation in Blood Pressure, Heart Rate and Respiratory in
the Stretched Group During the First and Last Exercise

Vital Signs First Exercise | Last Exercise | P-value
Mean (SD) (N=87) (N=87)

Systolic blood pressure (mm Hg) 15 (&+8.1) 7.7 (£5.1) <0.001
Diastolic blood pressure (mm Hg) 3.7 (x2.0) 1.9 (£1.3) <0.001
Respiratory rate (times/min) 4.1 (£1.8) 2.2 (x1.1) <0.001
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Table 3 Mean Fluctuation in Intraoperative Blood Pressure, Heart Rate,

Respiratory and Blood Oxygen Saturation in Both Group

Vital Signs Stretched Control P-value
Mean (SD) (N=83) (N=87)

Systolic blood pressure (mm Hg) 2.3 (xI.1) 6.4 (£0.59) <0.001

Diastolic blood pressure (mm Hg) 5.1 (¥2.7) 8.7 (x1.5) <0.001

Respiratory rate (times/min) 1.7 (x1.2) 2.1 (x1.5) 0.0526
Blood oxygen saturation (%) 1.3 (£0.94) 1.2 (£0.89) 0.401

Stretched group. Surgeons conducting the procedures noted better exposure and more relaxed soft tissue conditions in
these patients compared to those in the control group. This qualitative assessment, based on the surgeons’ observations,
indicates a possible benefit of preoperative adaptive training on the ease of surgical access. It is important to note,
however, that despite these observations, no significant differences were found in measurable surgical outcomes such as
total operative time and blood loss between the two groups. This result highlights that while preoperative adaptive
training may influence certain intraoperative conditions, such as surgical exposure, it does not necessarily translate into

quantifiable differences in these specific operative metrics.

Surgical Outcomes and Follow-Up Analysis

On the 14th postoperative day, no significant differences in VAS score improvements were observed between the training
and control groups. Similarly, VAS score results showed no significant differences between the two groups during the
I-month and 3-month postoperative follow-ups (Figure 2).

Discussion

Posterior lumbar decompression fusion surgery is one of the mainstream surgical options for treating lumbar disc
herniation.” However, this procedure requires blunt dissection near the lamina to access the target area for decompression
and fusion.?? This inevitably causes traction and damage to the patient’s soft tissues. Current complications associated
with posterior lumbar decompression surgery mainly include postoperative lumbar tissue soreness and swelling.”** It is
also important to note that pain is a major factor causing blood pressure fluctuations in patients during the postoperative
period.?® Effective management of postoperative pain is thus crucial, as uncontrolled pain can lead to abnormal blood
pressure, which in turn increases the risk of stroke, particularly in elderly patients.*® There have also been reports of
secondary cardiovascular risk events in patients after lumbar surgery.>’ Furthermore, although reperfusion injuries, such
as muscle tissue necrosis and swelling, rarely occur after lumbar surgery due to prolonged traction, they have been

documented.”® We believe that the main reasons for postoperative soft tissue swelling and the inability to tolerate and

10 = Control
a1 Stretched

VAS score

Base line D14

Figure 2 The improvement of the visual analogue scale for back pain score at different follow-up time points.
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endure postoperative pain are the traction on the surgical area’s soft tissue and the prolonged prone position during
lumbar surgery.’

Adaptive training is an essential aspect of preparation for various spinal surgeries, helping patients to acclimate to the
changes and demands of both the surgical procedure and postoperative recovery.”’ This training involves educating
patients about specific preoperative functional exercises that are tailored to their upcoming surgery. These exercises are
designed to aid in adapting to the physical changes and challenges that may occur post-surgery.®

In the context of anterior cervical surgery, for instance, we guide patients through tracheal traction training to
facilitate surgical exposure and minimize postoperative cervical edema and discomfort.” Similarly, for lumbar surgery
patients, our hospital has a long-standing practice of providing preoperative lumbar adaptive training. This specialized
training focuses on exercises specific to the lumbar region, preparing patients for the particular requirements of lumbar
procedures.®'”

Additionally, for patients with compromised lung function, exercises such as balloon-blowing are recommended to
enhance cardiopulmonary function, which is crucial for meeting the requirements of anesthesia.’® Although this exercise
is not a part of the lumbar adaptive training regimen, it exemplifies the broader principle that various types of
preoperative exercises can be beneficial in enhancing the overall surgical experience and recovery. Our study’s findings
contribute valuable insights into the role of preoperative adaptive training in lumbar surgery. While the training
demonstrated a significant effect in stabilizing intraoperative blood pressure fluctuations, this did not translate into long-
term improvements in postoperative pain, as measured by the Visual Analog Scale (VAS) scores at 14 days, 1 month, and
3 months postoperatively. This suggests that while preoperative adaptive training can enhance certain intraoperative
outcomes, its impact on long-term postoperative recovery, particularly in terms of pain management, may be limited.

Notably, during lumbar surgery, the traction and manipulation of soft tissues can have significant effects on a patient’s
intraoperative vital signs. Cardiovascular events related to blood pressure changes are a concern, and our findings
indicate that preoperative lumbar adaptive training effectively mitigates these risks by maintaining the stability of
patients’ blood pressure and respiratory rates during the surgical procedure. Surgeons reported smoother operative
exposure and progression in the stretch group compared to the control group, which could potentially facilitate surgical
efficiency. However, it is important to note that this did not result in statistically significant differences in operative time
or blood loss.

The lack of significant difference in postoperative VAS scores between the preoperative adaptive training group and
the control group at all postoperative time points indicates that factors beyond the scope of preoperative training may
play a more dominant role in long-term pain management. This might include the extent of soft tissue damage, changes
in spinal sequence due to lumbar internal fixation, and individual patient responses to surgery and postoperative care.

Our study underscores the need for a comprehensive approach to preoperative preparation that not only focuses on
physical exercises to improve functional aspects relevant to the surgery but also considers the broader context of
postoperative care and pain management strategies. The potential benefits of preoperative adaptive training on immediate
intraoperative parameters are clear, yet its impact on long-term postoperative outcomes, particularly pain, requires further
exploration to understand the full scope of its efficacy. Future studies may focus on integrating adaptive training with
other postoperative rehabilitation strategies to enhance overall patient recovery following lumbar surgery.

Considering recent meta-analyses, our study’s findings gain additional relevance by situating preoperative adaptive
training within a broader continuum of perioperative care. These analyses underscore the crucial role of structured
postoperative exercises in enhancing recovery, particularly focusing on pain management, functional outcomes, and
psychosocial aspects of patient care. This evidence aligns with our findings, suggesting that while preoperative prepara-
tion is essential, it should be part of a more comprehensive care approach that also encompasses structured postoperative
rehabilitation programs.

Such postoperative programs could integrate various forms of physical therapy, including strengthening, stabilization,
and aerobic exercises, which have been shown to offer additional advantages in terms of disability scores and functional
recovery in the short to medium term. Notably, relaxation, stretching, and mobilization training are also emphasized for
their beneficial effects post-lumbar decompression surgery. Furthermore, cognitive therapy elements, a significant focus
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in some studies, have demonstrated benefits in managing long-term disability and kinesiophobia, particularly when
combined with exercise interventions.>' !

For instance, one meta-analysis revealed that cognitive therapy, when added to exercise programs, yields better
outcomes in lumbar fusion surgery compared to exercise alone, particularly in terms of long-term disability and
kinesiophobia.** Another study highlighted the effectiveness of exercise training on physical function, bodily pain,
and social function, demonstrating moderate-degree evidence of its efficacy in improving quality of life parameters post-
lumbar decompression surgery.*®

These insights indicate the importance of a holistic approach to spinal surgery recovery, where preoperative adaptive
training is just one component of a multifaceted rehabilitation strategy. Our study, while focusing on the immediate
postoperative phase, opens the door for future research to explore the synergistic effects of combining preoperative
training with structured postoperative rehabilitation to optimize patient outcomes in lumbar surgery.

This study presents several strengths that contribute significantly to the understanding of preoperative adaptive
training in lumbar surgery. A primary strength lies in its focused examination of the immediate effects of preoperative
training on postoperative outcomes, particularly emphasizing improvements in VAS scores. The systematic approach to
patient selection, rigorous adherence to exercise protocols, and meticulous monitoring of outcomes provide robust data
supporting the efficacy of preoperative adaptive training. Additionally, the study’s design, which includes a control group
for comparison, lends credibility to the findings by minimizing biases and allowing for a clearer interpretation of the
training’s impact.

However, the study is not without its limitations, which offer avenues for future research. The primary limitation
is the short-term follow-up period, which restricts our understanding of the long-term effects of preoperative
adaptive training on patient recovery and quality of life. Furthermore, the study primarily focuses on quantitative
measurements such as VAS scores and vital signs, potentially overlooking qualitative aspects such as patient
satisfaction, psychological well-being, and long-term functional capacity. Another limitation is the study’s single-
center design, which may limit the generalizability of the findings to broader populations with diverse demo-
graphics and healthcare settings. Addressing these limitations in future studies could provide a more comprehensive
understanding of the role of preoperative adaptive training in enhancing long-term outcomes for lumbar surgery
patients.

Conclusion

This study sheds light on the role of preoperative adaptive training in lumbar surgery, with a specific focus on its impact
on intraoperative parameters. While our results demonstrated that such training significantly stabilizes intraoperative
blood pressure fluctuations, it did not translate into noticeable improvements in postoperative pain outcomes, as indicated
by the VAS (Visual Analog Scale) scores at various follow-up intervals (14 days, 1 month, and 3 months postopera-
tively). This finding suggests that while preoperative adaptive training can enhance certain aspects of the surgical
process, its influence on longer-term postoperative pain management is limited.

Our research, primarily concentrating on short-term follow-up and vital sign monitoring, indicates the need for further
investigation into the long-term effects of preoperative adaptive training on overall surgical outcomes. Future research is
required to fully understand the spectrum of benefits and limitations of such training, particularly in the context of patient
recovery and pain management over an extended postoperative period.

In conclusion, our study contributes to the existing knowledge on preoperative preparation for lumbar surgery,
highlighting the immediate intraoperative benefits of adaptive training. However, it also points to the necessity for a more
comprehensive approach in preoperative care, integrating physical training with a broader strategy encompassing post-
operative pain management and rehabilitation. The significance of our findings lies in their implication for future research
and the refinement of surgical preparation protocols to optimize patient outcomes in lumbar surgery.
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