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Abstract

Posterior instrumented lumbar fusion (PILF) is a widely performed surgical intervention for treating
degenerative lumbar disorders. Although modern instrumentation achieves high fusion rates, many patients
experience residual pain and disability. Physiotherapy is often prescribed to optimize recovery; however, its
effectiveness, timing, and format remain debatable. A narrative review was conducted by searching PubMed
and Embase (2019-2025) for systematic reviews, randomized controlled trials, and meta-analyses reporting
the outcomes of PILF with or without rehabilitation. The outcomes included pain, disability, quality of life,
fear-avoidance, return to work, and fusion success. Structured physiotherapy programs, especially
multimodal interventions combining exercise and cognitive-behavioral strategies, were associated with
improved pain, disability, and psychosocial recovery compared with the usual care. Early initiation of
physiotherapy within one month was safe and accelerated short-term outcomes, although long-term
differences diminished after one year. Posterior instrumentation consistently achieves high fusion rates and
favorable surgical outcomes; however, evidence on whether rehabilitation influences structural outcomes,
such as hardware survival or adjacent segment degeneration, is limited. Physiotherapy provides meaningful
additive benefits after PILF, particularly in the first 6 months. Therefore, incorporating structured rehabilitation
into postoperative care is recommended. Future ftrials should standardize protocols, assess
cost-effectiveness, and explore long-term outcomes.

Keywords: Cognitive-behavioral therapy, Degenerative spinal disorders, Enhanced Recovery After
Surgery, Rehabilitation, Return to work

Introduction

Low back pain is a leading cause of disability worldwide. Degenerative lumbar disorders, such as
spondylolisthesis, disc degeneration, and spinal stenosis, are major contributors to the global disease burden.
When conservative treatments fail, surgery is the only option. Posterior instrumented lumbar fusion (PILF) has
been largely successful in managing the surgical cause of spinal stabilization, relieving pain, and treating the
functional aspect of the problem. Surgical developments in pedicle screw fixation, posterior lumbar interbody
fusion (PLIF), and transforaminal lumbar interbody fusion (TLIF) have made it possible to achieve better
stability and fusion rates, and in most cases, radiological success is more than 90% (1-3).
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However, clinical outcomes do not always improve significantly despite these technical successes. Moreover,
a third or even 40% of patients still experience considerable pain and functional limitations after meeting the
criteria for solid fusion (4). The gap between radiological and clinical success signifies the complex nature of
the recovery process. Postoperative results that go beyond structural stabilization are influenced by the
condition of the muscles, the inability of neuromotor control, psychological issues such as fear of pain and
catastrophizing, and the occurrence of adjacent segment degeneration (5).

Physiotherapy is one of the recommended adjuncts that has been suggested to help overcome these
obstacles. It involves the rehabilitation of spinal mobility, construction of the strength of paraspinal muscles,
relearning motor control, and addressing psychological contributors to disability. However, the rehabilitation
after spinal fusion has been a source of controversy for many years. Questions regarding the true efficacy of
therapy, correct timing of initiation, and most effective therapeutic strategy combinations remain unanswered.
Earlier reviews had conflicting results regarding the efficacy of rehabilitation after spinal fusion, but during the
last five years, there has been a marked increase in high-quality randomized trials and systematic reviews that
have provided more definitive evidence (4,5).

This narrative review summarizes recent studies on postoperative outcomes after posterior instrumented
lumbar fusion with and without physiotherapy. The main purpose of this review is to examine the currently
available evidence, highlight the clinical and structural effects of rehabilitation, and identify areas that require
further investigation to improve postoperative care.

Methods

This study was designed as a narrative review was conducted to integrate recent evidence on the outcomes
of post-operative physiotherapy in patients who underwent posterior instrumented lumbar fusion. To identify
relevant studies published between January 2019 and August 2025, a literature search was performed in
PubMed and Embase.

The search strategy included the following keywords: lumbar spinal fusion, posterior instrumentation,
rehabilitation, physiotherapy, exercise, and degenerative diseases. The eligible studies were systematic
reviews, randomized controlled trials, and meta-analyses that studied adult patients who underwent posterior
instrumented lumbar fusion and reported outcomes such as pain, disability, quality of life, fear-avoidance,
return to work, or fusion success. Only articles written in English were considered. The titles and abstracts
were screened to evaluate eligibility, and the full texts were accessed if necessary. Owing to differences in
surgical approaches, rehabilitation protocols, and outcome measures among the studies, the data were
synthesized narratively.

Results

Bogaert et al. (4) pooled 18 randomized trials with >1,400 patients, which demonstrated that rehabilitation
significantly reduced the level of disability and pain, increased return-to-work rates, and reduced fear-
avoidance. Ozden et al. (1) concluded that a multimodal approach to rehabilitation that integrates exercise and
cognitive-behavioral therapy results in more profound benefits than just exercise even after a long period of
time. In a similar vein, Kim et al. (5) echoed that multimodal programs were more effective in achieving pain,
function, and psychological outcomes than routine advice alone. Timeline of rehabilitation benefits comparing
early versus delayed physiotherapy after lumbar fusion showed in (Fig. 1)
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Figure 1. Timeline of Rehabilitation Benefits Comparing Early versus Delayed Physiotherapy
After Lumbar Fusion.
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Enhanced Recovery After Surgery (ERAS) protocols (6) have been known to visibly exhibit their
advantageous effects in posterior lumbar fusion as well. A South Korean cohort study done in 2024 on 88
patients undergoing one- or two-level fusion has revealed that the patients managed under ERAS care had a
significantly lower opioid and antiemetic medication consumption, better leg pain at six months, higher
functional recovery as measured by ODI and EQ-5D scores, and lower incidence of complications, while the
fusion rate was similar to that of the standard care group.

Posterior instrumentation techniques are sometimes very successful in yielding positive results. Miyashita et
al. (7) showed that percutaneous pedicle screw systems resulted in a five-year improvement in pain and
function, in addition to a 90% fusion rate. An overview of such comparative studies claims that the method of
fixation has the greatest impact. A systematic review and meta-analysis that comprised 14 studies with more
than 900 patients compared lateral lumbar interbody fusion (LLIF) with the use of instruments and stand-alone
for degenerative lumbar disease. According to the authors, instrumented LLIF reached higher fusion rates,
larger spinal stability, and lower occurrences of cage subsidence in comparison with stand-alone procedures.
Moreover, clinical outcomes like alleviation of pain and rehabilitation of disability were better in the group with
instruments, which means that there is an additional benefit of posterior fixation in both structural and
functional outcomes.

Kou et al. (8) recently evaluated the effectiveness and safety of lateral lumbar interbody fusion (LLIF) with the
aid of or without the auxiliary posterior fixation. The assessment revealed that compared to stand-alone LLIF,
LLIF combined with posterior fixation yielded improvements in the stability of the fusion, less cage subsidence,
and better spinal alignment preservation. Also, clinical outcomes such as pain alleviation and functional
improvement were more favorable in the instrumented groups, although the rate of complications was similar
across the two approaches. The results presented here indicate that the use of posterior fixation should be
considered in those patients with a higher risk of mechanical failure and instability.

Evidence summary of rehabilitation after lumbar spinal fusion mentioned in (Table 1).

Table 1. Evidence Summary of Rehabilitation After Lumbar Spinal Fusion.

Author (Year)

Study Design Sample Size Key Findings

Rehabilitation reduced pain and disability,

Bogaert 2022 Systematic review |18 RCTs (~1,400) improved return to work
Azden 2022 Systematic Rewgw & 11 RCTs Exermsp plus cpgmtlve-behaworal
Meta-Analysis therapy is superior to exercise alone
Kim 2023 Meta-analysis 10 trials Multimodal rehabilitation is associated

with better outcomes

ERAS significantly reduced opioid and

Ji Uk Choi 2024

Prospective cohort
(pre-ERAS vs post-
ERAS)

88 patients (41
pre-ERAS, 47
post-ERAS)

antiemetic use, improved leg pain at 6
months, enhanced functional outcomes,
and lowered complication rates; fusion
rates remained comparable between
groups

Tomohiro 2022

Prospective study

115 patients

90% fusion achieved; sustained results at
5 years

Jiang 2024

Systematic review &
meta-analysis

14 studies, >900
patients

Instrumented LLIF demonstrated higher
fusion rates, greater spinal stability, and
lower subsidence rates compared with
stand-alone LLIF. Clinical outcomes (pain
and disability scores) were also superior
in the instrumented group.

a) ERAS = Enhanced Recovery After Surgery, b) RCT = randomized controlled trial,
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Figure 2. Conceptual flowchart of recovery following posterior instrumented lumbar fusion
with or without physiotherapy.

Discussion

This narrative review illustrates that postoperative outcomes after posterior instrumented lumbar fusion (PILF)
depend not only on radiographic fusion success but also on the quality of postoperative functional recovery. In
fact, contemporary literature shows that a significant percentage of patients still experience pain and disability
even after technically successful fusion, pointing to the complex nature of postoperative outcomes (9-11).

Various studies in recent years support that structured postoperative physiotherapy—especially supervised
and multimodal rehabilitation—can lead to better pain management, less disability, improved functional
capacity, and quicker return to everyday activities than minimal or unsupervised care (12—-16). The most
significant effects are seen in the early postoperative phase. However, long-term changes beyond one or two
years are less clear.

Psychologically informed rehabilitation further amplifies therapy effectiveness by addressing fear-avoidant
behavior and maladaptive pain beliefs, both of which are known to predict continuous disability after spine
surgery (17-20). Meanwhile, Enhanced Recovery After Surgery (ERAS) programs, which include early
mobilization and coordinated rehabilitation, have been proven to enhance short-term recovery, reduce opioid
use, and shorten hospital stays without increasing the risk of surgery (21-23).
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Mechanistic Implications

Postoperative rehabilitation benefits following PILF are likely due to the combined biomechanical,
neuromuscular, and psychosocial effects. The use of posterior instrumentation stabilizes the segment
immediately and limits pathological micromotion. The biomechanical environment is good for early functional
loading (24—26). This mechanical stability may make it easier for a patient to undergo rehabilitation indirectly
by reducing pain that is due to mechanical instability and, therefore, allowing safer movement.

Furthermore, exercise-based physiotherapy helps in postoperative recovery by strengthening core muscles,
improving neuromuscular coordination, proprioception, and endurance (13-15). At the same time, cognitive-
behavioral therapy helps in managing central pain processing mechanisms, fear-avoidance, and
catastrophizing—these are some of the factors known to increase pain perception and restrict functional
recovery even in the absence of any structural problem (17-19).

On top of that, ERAS protocols support the patient's recovery by lessening the body's stress response to
surgery, providing optimal pain control, and encouraging early walking. Altogether, these aspects help patients
reach functional independence more quickly and improve short-term outcomes. However, they do not
necessarily lead to changes in fusion biology or long-term structural markers (21-23).

Strengths and Limitations

The major merit of the current literature is the growing number of prospective trials, systematic reviews, and
protocol-driven cohort studies that focus on rehabilitation and perioperative care after lumbar fusion. These
research efforts shed light on this understudied area of recovery, besides mere radiographic outcomes (27).

Nevertheless, some issues remain unresolved. Rehabilitation programs are still very diverse in terms of when
they are started, how long they last, level of supervision, and the choice of therapeutic components, which
makes it difficult to compare results and reach an agreement on the best practice (13—-16). Moreover, data are
scarce for very long-term outcomes beyond 2 to 5 years, especially for anatomical changes such as adjacent
segment degeneration, implant longevity, and the sustainability of functional improvements (28).

Most ERAS and rehabilitation trials are non-interventional studies, thus associated with potential consumer
selection bias and possible non-adherence to protocols (21,23). Furthermore, variables related to the patients,
such as initial degree of disability, bone density, presence of other diseases, and psychosocial risk factors,
have been unevenly considered in the studies' outcome measures, opening up some limitations for an
individualized interpretation of the findings.

Clinical Translation Potential

The outcome of this review is in favor of a move to integrated, multidisciplinary postoperative care pathways
following PILF. Structured physiotherapy, especially supervised ones with a multimodal approach, should be
regarded as a necessary component of post-surgery recovery management rather than an optional extra,
particularly during the early recovery phase.

Starting the rehabilitation process early, if clinically safe, can help patients recover faster at least in the short-
term. Using a psychological approach in combination with suitable interventions may also significantly improve
the success rate of treatment in patients whose recovery is delayed because of fear-avoidant or
catastrophizing behaviors (17-20). ERAS-guided pathways are a good tool to ensure consistency in
perioperative care, minimize unnecessary reliance on opioids, and generally raise the efficiency of the system
without compromising patient outcomes (21-23) .

Patient-specific risk stratification and standardized rehabilitation protocols adjusted to surgical complexity and
functional capacity should be the focus of future clinical implementation. To improve these pathways and justify
their widespread use in different healthcare systems, high-quality randomized trials with long-term follow-up
and cost-effectiveness analyses are necessary (29,30). Conceptual flowchart of recovery following posterior
instrumented lumbar fusion with or without physiotherapy is shown in (Figure 2)
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Conclusion

Posterior instrumented lumbar fusion provides reliable mechanical stability and high fusion rates, yet functional
disability may persist in many patients. Structured postoperative physiotherapy, particularly multimodal
programs, improves short-term functional and psychosocial outcomes and supports earlier return to work,
although long-term benefits remain uncertain.
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