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Background: Robotic platforms are now well established across gynaecological, urological and gastrointestinal
surgery, largely because they give operators steadier hands, filtered tremor and a three-dimensional view that
conventional laparoscopy cannot match [1,2]. That technical advantage comes with a physiological cost: long
periods of pneumoperitoneum, steep head-down (Trendelenburg) positioning and extended time under anaesthesia
place extra strain on the respiratory and functional systems, and this strain can slow the first days of recovery [4—
6,9-11].

Objective: This review pulls together what is currently known about the physiological effects of robotic-assisted
abdominal surgery and considers how that evidence translates into the rationale, content and outcome measures
used in postoperative physiotherapy for this group of patients. A further aim is to map where the evidence runs
thin, since these gaps are what currently prevent rehabilitation protocols from being standardised.

Methods: A narrative rather than systematic approach was taken. Peer-reviewed sources - randomised trials,
systematic reviews and meta-analyses, cohort studies and clinical guidelines - covering respiratory physiology,
postoperative pulmonary complications, early mobilisation and Enhanced Recovery After Surgery (ERAS) in
abdominal, laparoscopic and robotic-assisted surgical populations were located and brought together narratively.
Discussion: Across the literature, pneumoperitoneum together with Trendelenburg positioning is repeatedly
shown to lower lung compliance and functional residual capacity, restrict diaphragmatic movement and leave
patients more exposed to atelectasis and other pulmonary problems [4—7,19,21,23-25]. Programmes built around
respiratory retraining, early mobilisation and musculoskeletal exercise are already well established after open and
conventional laparoscopic abdominal surgery and sit comfortably within ERAS thinking [10,14,28-32,35-38].
What is missing is evidence generated specifically in robotic-assisted patients; most current protocols are simply
carried over from open or laparoscopic populations [15-18,20,39,40].

Conclusion: The physiological case for structured postoperative physiotherapy after abdominal surgery is well
supported in general terms, but dedicated research in robotic-assisted procedures remains thin. Feasibility work
and properly powered randomised trials are still needed before rehabilitation protocols tailored to the specific
demands of robotic-assisted abdominal surgery can be considered standardised and evidence based.
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times, steep Trendelenburg tilt and prolonged
general anaesthesia all interact to affect how patients
breathe, how the diaphragm moves and how well
they oxygenate [4-6,9—11]. These effects are not
confined to the operating table; they can carry over
into the days that follow and slow the broader
TeCOVery process.

Within the abdominal cavity sit organs - the
stomach, intestines, liver, pancreas, spleen and
kidneys - that work in close mechanical partnership
with the diaphragm and the surrounding trunk
musculature [1-3]. Between them, these structures
underpin normal breathing, core stability and
general physical function, so any surgical
disturbance to this system can shrink lung volumes,
restrict diaphragmatic excursion and raise the risk of
complications such as atelectasis or pneumonia
[4,5]. Laparoscopic surgery causes less tissue
trauma than an open incision, but it does not remove

1. INTRODUCTION

Robotic-assisted laparoscopic surgery has moved
minimally invasive practice forward by giving
surgeons steadier instrumentation, filtered tremor
and three-dimensional depth perception, all of which
sharpen surgical precision compared with standard
laparoscopy [1,2]. These advantages explain why
the technique has spread so widely through
gynaecology, urology and general/gastrointestinal
surgery [1,2]. Clinical reviews suggest that
outcomes with robotic surgery match, and in some
respects exceed, those of traditional approaches,
with patients commonly reporting less pain after
surgery, shorter admissions and a quicker return to
normal activity [1,8].

That said, robotic abdominal surgery brings its own
physiological demands. Insufflating the abdomen
with gas (pneumoperitoneum), longer operating
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the risk of reduced breathing capacity or physical
function afterwards [10—12]. In robotic procedures
the combination of pneumoperitoneum and
prolonged steep positioning appears to add a further
layer of respiratory compromise and can delay how
quickly a patient is mobilised [20-25], which is
precisely why targeted postoperative rehabilitation
matters here.

Rehabilitation pathways for open and conventional
laparoscopic abdominal surgery are, by comparison,
fairly mature, while research addressing the
physiotherapy needs of robotic-surgery patients
specifically is still sparse. Given the distinct
physiological demands robotic surgery introduces, it
is worth asking whether existing rehabilitation
protocols can simply be transferred to this group or
whether they need adapting. This review sets out to
examine the  physiological rationale for
postoperative physiotherapy after robotic-assisted
abdominal surgery, describe the components and
outcome measures used in current practice, and
point to where the evidence base falls short [39,40].

2. PHYSIOLOGICAL CONSEQUENCES OF
ROBOTIC-ASSISTED ABDOMINAL
SURGERY

Robotic procedures generally call for sustained
pneumoperitoneum and a steep Trendelenburg tilt in
order to give the surgeon adequate exposure, and
both factors can temporarily disturb respiratory
mechanics and diaphragmatic movement during and
after the operation. Raised intra-abdominal pressure
from pneumoperitoneum has been shown to lower
lung compliance and functional residual capacity,
which in turn hampers ventilation and gas exchange
[4,19,23]. Steep Trendelenburg positioning pushes
the diaphragm upward toward the head, and this
cephalad shift appears to add to the problem, further
reducing lung volumes and pushing airway
pressures higher [21,24,25].

A number of studies have looked specifically at how
these positional and pressure-related changes affect
breathing. Work comparing ventilation strategies
during robotic and laparoscopic surgery performed
in the Trendelenburg position has recorded
measurable falls in respiratory system compliance
along with altered gas exchange during the
procedure itself [22—24]. Postoperative assessments
of diaphragmatic function after robotic-assisted
laparoscopic ~ surgery  with  Trendelenburg
positioning have found similar short-term
reductions in diaphragmatic excursion [25], and
observational research in robot-assisted
prostatectomy has reported comparable
perioperative changes in lung function linked to
steep positioning [26]. Taken together, this body of
work suggests the physiological stress of robotic
surgery does not end when the operation does - it can
extend into early recovery and add to the risk of
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pulmonary complications such as atelectasis and
pneumonia [4,5,7,41,42].

3. RATIONALE FOR POSTOPERATIVE
PHYSIOTHERAPY AFTER ABDOMINAL
SURGERY

Pulmonary complications after surgery remain one
of the more significant drivers of illness, longer
hospital stays and slower functional recovery
following major abdominal procedures
[41,42,47,48]. Efforts to prevent them typically rely
on anaesthetists and physiotherapists working
together to keep ventilation optimised, encourage
lung expansion and get patients moving again as
early as possible [46,49,50]. Physiotherapy has for a
long time been considered a standard part of
postoperative abdominal care, and breathing
exercises, thoracic expansion work, airway
clearance techniques and incentive spirometry have
all been shown to help restore lung function and cut
the risk of pulmonary complications [28-30].
Cochrane-level evidence backs the use of incentive
spirometry as part of a broader strategy for reducing
pulmonary complications after upper abdominal
surgery [11], and systematic reviews of preoperative
and postoperative physiotherapy report similar
reductions in respiratory illness after non-
cardiothoracic and upper abdominal procedures
[3.4].

There is more to the picture than respiratory benefit,
though. Early mobilisation and a gradual build-up of
exercise also support cardiovascular recovery, lower
the risk of venous thromboembolism and help
patients get back to everyday activities sooner
[31,32]. Where mobilisation is delayed after
abdominal surgery, the likelihood of pulmonary
complications appears to rise, which is a strong
argument for starting physiotherapy early in the
postoperative course rather than waiting [45].
Beyond breathing and mobility, abdominal surgery
can leave patients with reduced trunk mobility,
altered posture and lower physical endurance, all of
which affect balance and gait [33,34]. Read
together, this evidence points toward a structured,
multimodal physiotherapy approach - one that
brings together respiratory training, early
mobilisation and functional exercise to support
recovery on several fronts at once.

4. COMPONENTS OF STRUCTURED
MULTIMODAL PHYSIOTHERAPY
PROGRAMMES

4.1 Respiratory Physiotherapy

The respiratory techniques most often described
include the Active Cycle of Breathing Technique
(ACBT), thoracic expansion exercises,
diaphragmatic breathing and incentive spirometry.
Each aims to improve lung expansion, clear the
airway and lower the risk of atelectasis [10—12].
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Airway clearance techniques in particular are
described as adaptable, patient-specific tools for
shifting secretions and re-expanding the lungs after
surgery [30]. A recent review of physiotherapy
practice after major abdominal surgery reaches a
similar conclusion: breathing exercises and airway
clearance techniques can meaningfully improve
pulmonary function and lower rates of postoperative
pulmonary complications [28].

4.2 Early Mobilisation and Functional Training
Getting patients moving early - bed mobility, sit-to-
stand practice, then supervised or progressive
walking - is widely treated as one of the more
important elements of postoperative care.
Mobilising patients within hours of abdominal
surgery has been linked to better peripheral and
arterial oxygenation [31], and early physiotherapy
input has also been associated with a lower rate of
postoperative ileus after abdominal hysterectomy
[32]. Functional mobility is commonly tracked using
tools such as the Timed Up and Go (TUG) test, and
researchers have begun exploring remote or
wearable-sensor versions of the TUG test to follow
how mobility changes over the course of recovery
[33].

4.3 Musculoskeletal and Circulatory Exercises
Active and resisted range-of-motion work, ankle
pumps, pelvic tilting and stretching through the neck
and upper limbs are routinely built into
postoperative programmes to keep joints mobile,
support circulation and maintain trunk control.
These exercises sit alongside the respiratory and
mobilisation components, addressing the postural
changes and lowered endurance that often
accompany abdominal surgery, and they draw on
broader clinical reasoning frameworks used in
musculoskeletal rehabilitation [34].

5. ENHANCED RECOVERY AFTER
SURGERY (ERAS) AND MULTIMODAL
REHABILITATION

Multimodal physiotherapy that brings respiratory
training, early mobilisation and functional exercise
together within one structured pathway fits naturally
within the broader ERAS philosophy, which places
emphasis on early recovery and getting physical
function back as quickly as possible [37,38]. ERAS
pathways, first developed for colorectal and other
major abdominal surgery, take a multidisciplinary
view, combining preoperative optimisation,
minimally invasive technique and structured
postoperative  rehabilitation, including early
mobilisation and respiratory physiotherapy [14,37].
Systematic reviews of complex, multi-component
interventions make a related point: rehabilitation
programmes need clearly defined components and
evaluation frameworks if their feasibility and effect
are to be judged meaningfully [36]. Research into
prehabilitation adds a further dimension, suggesting
that outcomes may improve when physical
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preparation and recovery are planned across the
whole perioperative period rather than treated as a
purely postoperative concern [35].

6. OUTCOME MEASURES USED TO
EVALUATE POSTOPERATIVE
PHYSIOTHERAPY

A number of standardised measures appear
repeatedly in the literature on postoperative
physiotherapy after abdominal surgery, covering
respiratory function, functional mobility, perceived
exertion and physical activity.

Respiratory parameters. Inspiratory capacity is
usually measured with an incentive spirometer,
following the standardised spirometric technique set
out in international guidelines [52]. Respiratory rate
and peripheral oxygen saturation (SpO2), recorded
via pulse oximetry, offer a quick and non-invasive
way of tracking respiratory status before and after
treatment [51]. Peak expiratory flow rate, measured
with a peak flow meter, adds a further indicator of
expiratory muscle strength and airway function [52].
Functional mobility. The Timed Up and Go test
remains a widely used and reliable measure of
balance, mobility and functional independence, and
published reference values support its use across a
range of clinical populations, including
postoperative patients [53].

Perceived exertion. The Borg Rating of Perceived
Exertion scale is often used to capture subjective
fatigue and exertion during activity, giving some
insight into how well patients tolerate physical tasks
during early recovery.

Physical activity. The International Physical
Activity Questionnaire (IPAQ) is used to estimate
activity levels in MET-minutes per week and has
shown acceptable validity as a self-report measure
of habitual activity [43].

Together, these tools let clinicians and researchers
capture the many sides of postoperative recovery -
physiological, functional and perceptual - and
provide a workable basis for judging the feasibility
and early effectiveness of structured physiotherapy
interventions [18,39,40].

7. EVIDENCE SPECIFIC TO ROBOTIC-
ASSISTED SURGERY AND GAPS IN THE
LITERATURE

Comparative  studies suggest robotic-assisted
procedures may have an edge over conventional
laparoscopy in terms of postoperative pain and
recovery time in some surgical populations [15,17],
and the use of robotic surgery continues to grow
across specialties and healthcare settings, including
in resource-limited contexts [16,18-20]. At the same
time, robotic surgery brings its own set of
intraoperative  considerations - cost, longer
operating times, and the physiological load of

Page: 434



PHYSIOTHERAPY IN ROBOTIC-ASSISTED ABDOMINAL SURGERY: BRIDGING PHYSIOLOGICAL
RATIONALE AND CLINICAL PRACTICE — A NARRATIVE REVIEW

extended pneumoperitoneum and steep positioning
[20-25].

Despite the physiological case set out above,
dedicated physiotherapy research in robotic-assisted
abdominal surgery is still limited. Much of the
current evidence for postoperative respiratory and
mobility interventions was generated in open or
conventional laparoscopic populations and has
simply been carried over to robotic-assisted patients
[10-14,28-32,44,45]. Systematic reviews of
postoperative  respiratory and  mobilisation
interventions after abdominal surgery generally
support their role in cutting complication rates [44],
but few studies have asked whether the specific
physiological profile of robotic surgery -
particularly the combination of prolonged
pneumoperitoneum and steep Trendelenburg
positioning - calls for a modified or more intensive
rehabilitation approach [20-25]. This is a clear gap,
and it makes a strong case for dedicated feasibility
work ahead of any larger controlled trials in this
population [39,40].

8. CLINICAL IMPLICATIONS AND FUTURE
DIRECTIONS

The physiological evidence reviewed here supports
early, structured, multimodal physiotherapy after
robotic-assisted abdominal surgery - combining
respiratory retraining, early mobilisation and
musculoskeletal exercise within an ERAS-aligned
framework [14,37,38]. Even so, most of what is
known still comes from open and laparoscopic
surgery populations, and solid evidence specific to
robotic procedures remains limited. Future work
should prioritise adequately powered randomised
controlled trials with appropriate comparison
groups, to establish how effective structured
physiotherapy protocols actually are in this
population, along with longer follow-up to see
whether early gains hold up over time. Standardising
outcome measures across studies - respiratory,
functional and patient-reported alike - would also
make it easier to compare and pool findings from
future  research, guided by  established
methodological recommendations for pilot and
feasibility work [39,40].

9. CONCLUSION

Robotic-assisted abdominal surgery offers real
technical advantages, but it also brings distinct
physiological stressors - prolonged
pneumoperitoneum and steep Trendelenburg
positioning among them - that can affect respiratory
mechanics and slow early recovery. There is a solid
physiological and clinical case for structured,
multimodal  postoperative  physiotherapy  that
includes respiratory training, early mobilisation and
musculoskeletal exercise, in keeping with
established ERAS principles. Even so, evidence
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addressing the physiotherapy needs of patients
undergoing robotic-assisted abdominal surgery
specifically remains limited, and much of current
practice is still borrowed from open and
conventional laparoscopic populations. Further
feasibility studies and adequately powered
randomised controlled trials are needed before
standardised, evidence-based rehabilitation
protocols can be established for this growing group
of surgical patients.
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