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ABSTRACT

Background: Predicting neurological and functional recovery after nerve reconstruction in amputated limbs remains a major
clinical challenge. Early response to peripheral nerve block (PNB) may offer a simple, non-invasive method to assess underlying
nerve viability and forecast long-term outcomes.

Objective: To evaluate the efficacy of early PNB response in predicting sensory, motor, and functional recovery following
peripheral nerve reconstruction in traumatic limb amputation patients.

Methods: This prospective observational study was conducted at Social Security Hospital Shahdara, Lahore, and POF Hospital
Wah Cantt from February 2022 to March 2023. A total of 100 patients undergoing reconstructive nerve surgery were assessed.
Early response to ultrasound-guided PNB was recorded at 15 and 30 minutes. Motor recovery (MRC scores), sensory recovery
(two-point discrimination, monofilament testing), electrophysiological reinnervation, and functional outcomes (DASH/LEFS
scores) were evaluated at 1, 3, and 6 months. Pearson correlation analysis assessed associations between early block
response and long-term recovery.

Results: Sixty-three patients (63%) were early responders. Early responders demonstrated significantly better motor recovery
at six months (4.09 + 0.82 vs. 2.92 + 1.14; p = 0.001) and superior sensory outcomes (p < 0.001). Functional disability scores
improved markedly in responders (DASH p < 0.001; LEFS p = 0.002). Early PNB response showed strong correlations with
motor recovery (r = 0.71, p < 0.001), sensory improvement (r = 0.65, p = 0.002), and functional outcomes (r = 0.68, p < 0.001).
Conclusion: Early clinical response to peripheral nerve block is a strong predictor of neurological and functional recovery after
nerve reconstruction in amputated limbs. PNB responsiveness should be incorporated into preoperative evaluation to optimize
surgical planning and rehabilitation strategies.
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INTRODUCTION

Peripheral nerve injuries associated with traumatic limb amputation
represent one of the most challenging reconstructive problems in
modern surgical practice’. Loss of neural continuity, neuroma
formation, chronic neuropathic pain, and impaired sensorimotor
coordination significantly limit the functional independence of
amputees. Although advancements in microsurgical techniques
such as end-to-end nerve repair, autologous nerve grafting,
targeted muscle reinnervation (TMR), and regenerative peripheral
nerve interfaces (RPNIs) have improved postoperative outcomes,
predicting the degree and trajectory of functional recovery remains
a persistent clinical challenge. A reliable prognostic tool would
allow surgeons to identify patients most likely to benefit from nerve
reconstruction and customize postoperative rehabilitation
strategies®”.

Peripheral nerve blocks (PNBs) are widely used
perioperatively for anesthesia and analgesia in both amputation
and reconstructive nerve surgeries. Beyond their analgesic effect,
PNBs temporarily modulate nerve conduction pathways and can
induce measurable changes in sensory perception and motor
response”. This transient alteration in neural signaling provides a
unique opportunity to assess the integrity and functional potential
of injured nerves. Early physiological responses to nerve blocks
such as improvement in sensation, reduction in dysesthesia, or
transient motor activation may reflect the viability of residual axons
and the capacity for successful reinnervation following
reconstruction®.

Emerging literature suggests that diagnostic nerve
blocks may have value in predicting outcomes after peripheral
nerve repair; however, existing evidence is limited, heterogeneous,
and
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largely focused on chronic nerve entrapment syndromes rather
than post-amputation nerve reconstruction. Furthermore, the
relationship between early block response and long-term functional
restoration in amputees has not been systematically evaluated in
clinical practice.

Given the high socioeconomic and rehabilitative burden of
limb loss, there is a critical need to identify simple, low-cost, non-
invasive predictors of nerve recovery. If early response to PNB can
reliably forecast postoperative functional outcomes, it could
significantly enhance surgical decision-making, guide patient
counseling, improve prosthetic integration, and optimize allocation
of rehabilitation resources®”.

This study was designed to assess the efficacy of peripheral
nerve blocks as a predictive tool for long-term sensory and motor
recovery in patients undergoing nerve reconstruction following limb
amputation. By correlating early block responses with standardized
functional and electrophysiological outcomes, we aim to determine
whether PNB assessment can serve as a clinically meaningful
prognostic indicator in reconstructive nerve surgery®.

MATERIALS AND METHODS

Study Design and Setting: This prospective observational clinical
study was conducted over a fourteen-month period, from February
2022 to March 2023, at two major healthcare institutions in Punjab,
Pakistan: Social Security Hospital Shahdara, Lahore, and POF
Hospital Wah Cantt. Both hospitals are well-established centers for
orthopedic trauma, reconstructive procedures, and microsurgical
nerve repair. A unified research protocol was implemented at both
sites to ensure consistency in patient selection, intervention, and
follow-up evaluation.

Study Population and Sampling: The study included a total of
100 adult patients recruited through consecutive non-probability
sampling. All participants had sustained traumatic limb
amputations and were scheduled to undergo peripheral nerve
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reconstruction surgery. The sampling technique ensured that every
eligible patient presenting during the study window was enrolled
until the sample size was achieved.

Eligibility Criteria: Patients aged 18 to 60 years with either upper
or lower limb amputations of traumatic origin were included. Only
individuals planned for nerve reconstruction such as end-to-end
nerve repair, nerve grafting, targeted muscle reinnervation, or
regenerative peripheral nerve interface were considered eligible.
All patients were required to provide informed written consent and
have no history of neurological or neuromuscular disorders.
Patients were excluded if they had diabetic neuropathy, peripheral
vascular disease, chronic opioid dependency, psychotropic
medication use, local infection at the nerve block site, cognitive
impairment  affecting  sensory  evaluation, autoimmune
neuropathies, or if they were lost to follow-up before the
completion of postoperative outcome assessments.

Baseline Assessment: Before administration of the peripheral
nerve block, each patient underwent a comprehensive baseline
evaluation. Pain levels were documented using the Visual Analog
Scale (VAS). Sensory function was assessed through two-point
discrimination, monofilament testing, and vibration sensation
analysis. Motor strength was graded using the Medical Research
Council (MRC) scale. Electrophysiological studies, including nerve
conduction assessments and electromyography, were performed
to determine the underlying neural integrity. Demographic and
clinical information, including age, gender, level of amputation,
mechanism of injury, and time since trauma, was recorded. All
assessments were conducted by trained neurologists and
physiotherapists following standardized procedures.

Peripheral Nerve Block Procedure: Peripheral nerve blocks were
administered  preoperatively to evaluate early neural
responsiveness and examine the potential predictive value of block
response on long-term recovery. All blocks were performed under
ultrasound guidance by consultant anesthesiologists to ensure
accurate deposition of local anesthetic around the targeted nerve
or plexus. The type and level of nerve block corresponded to the
site of amputation, including brachial plexus blocks for upper limb
injuries and femoral, sciatic, or popliteal blocks for lower limb
amputations. A standardized concentration of 0.5% bupivacaine
was used within recommended safety limits. Sensory and motor
responses were assessed at fifteen and thirty minutes following the
block. Based on these responses, patients were categorized as
early responders if they exhibited at least 50% improvement in
sensation, reduction in pain, or return of motor flicker, while those
with less than 50% improvement were considered non-responders.
Nerve Reconstruction Techniques: All nerve reconstruction
procedures were performed within two to four weeks post-injury,
depending on the condition of soft tissues and overall patient
stability. Surgeries were conducted by consultant reconstructive
surgeons at both hospitals using standardized microsurgical
techniques. The procedures included direct end-to-end nerve
repair for clean transections, interpositional autologous nerve
grafting for segmental losses, targeted muscle reinnervation to
improve motor reinnervation and reduce neuroma formation, and
regenerative peripheral nerve interface procedures to enhance
neuromuscular communication and reduce postoperative
neuropathic pain.

Follow-Up and Outcome Evaluation: Patients were followed for
six months after surgery, with evaluations conducted at one month,
three months, and six months. Motor recovery was assessed using
the MRC grading scale, and functional strength improvements
were documented by rehabilitation physiotherapists. Sensory
recovery was measured through repeated two-point discrimination
tests, monofilament assessments, and documentation of
dysesthesia or pain scores. Electrophysiological reinnervation was
monitored using follow-up electromyography and nerve conduction
studies. Functional disability outcomes were quantified using the
Disabilities of the Arm, Shoulder and Hand (DASH) score for upper
limb amputees and the Lower Extremity Functional Scale (LEFS)

for lower limb amputees. All outcome assessors were blinded to
the initial nerve block responses to minimize observer bias.

Data Management and Statistical Analysis: All data were
entered into a secure database and analyzed using SPSS version
26. Continuous variables were expressed as mean t standard
deviation, whereas categorical variables were presented as
frequencies and percentages. Differences between early
responders and non-responders were analyzed using independent
sample t-tests. Pearson correlation coefficients were calculated to
assess the relationship between early nerve block response and
long-term functional recovery. A p-value of less than 0.05 was
considered statistically significant.

Ethical Considerations: The study protocol was reviewed and
approved by the Institutional Review Boards of Social Security
Hospital Shahdara, Lahore, and POF Hospital Wah Cantt. Written
informed consent was obtained from all participants before
enrollment. Confidentiality was strictly maintained, and all
procedures adhered to the ethical principles of the Declaration of
Helsinki.

RESULTS

A total of 100 patients were included in the study conducted from
February 2022 to March 2023 at Social Security Hospital
Shahdara, Lahore, and POF Hospital Wah Cantt. All patients
completed the full six-month follow-up period. The mean age of
participants was 35.8 + 10.7 years, with a predominance of males
(68%). Lower limb amputations accounted for 61% of cases, while
upper limb  amputations represented 39%. Regarding
reconstructive procedures, 57 patients underwent end-to-end
nerve repair, 28 required interpositional nerve grafting, 10 received
targeted muscle reinnervation (TMR), and 5 underwent
regenerative peripheral nerve interface (RPNI) surgery.

Early Response to Peripheral Nerve Block: Sixty-three patients
(63%) demonstrated an early positive response to the peripheral
nerve block (PNB), defined as at least 50% improvement in
sensory perception, pain reduction, or motor flicker within 30
minutes of block administration. The remaining 37 patients (37%)
were categorized as non-responders. Baseline demographic and
clinical characteristics were statistically comparable between the
two groups (p > 0.05), as shown in Table 1, indicating that
differences observed during follow-up were attributable to clinical
response patterns rather than baseline disparities.

Motor Recovery Outcomes: Motor function, assessed using the
Medical Research Council (MRC) grading scale, showed markedly
superior improvement in early responders compared with non-
responders at each follow-up interval. At one month, early
responders demonstrated a mean MRC score of 2.41 + 0.73,
significantly higher than the 1.96 + 0.60 seen in non-responders (p
= 0.004). This pattern persisted at three months, with early
responders reaching 3.32 + 0.79 compared to 2.48 + 0.92 in non-
responders (p < 0.001). By six months, early responders achieved
a mean MRC score of 4.09 + 0.82, while non-responders reached
only 2.92 + 1.14 (p = 0.001). These findings indicate that early
improvement following PNB strongly predicts enhanced long-term
motor recovery as shown in table 2 .

Sensory Recovery Outcomes: Sensory recovery demonstrated
similar trends. Early responders showed greater improvement in
two-point discrimination (2PD), monofilament sensitivity, and pain
reduction compared to non-responders. At six months, early
responders improved their mean 2PD from 11.4 mm to 6.2 + 1.7
mm, whereas non-responders improved from 11.8 mm to 8.9 + 2.3
mm (p < 0.001). Monofilament sensitivity also improved
significantly in early responders (3.2 + 09 gvs. 4.7 £ 1.1 g; p <
0.001). Pain scores showed greater reduction among early
responders as shown in table 3.

Electrophysiological Outcomes: Electromyographic evaluation
at six months revealed significantly greater reinnervation activity
among early responders. These patients demonstrated more
polyphasic motor unit potentials, increased recruitment patterns,
and improved conduction velocities. The differences between
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groups were statistically significant (p = 0.005), supporting the
observed clinical improvements.

Functional Outcomes: Functional disability scores also favored
early responders. Among upper limb amputees, the mean DASH
score at six months was 32.4 + 7.8 in early responders, compared
to 48.1 + 9.6 in non-responders (p < 0.001). For lower limb
amputees, the LEFS score was significantly higher among early
responders (48.6 + 10.4) than non-responders (36.2 + 11.8; p =
0.002). These improvements indicate better mobility, dexterity, and
overall functional independence as shown in table 4.

Table 1: Baseline Demographic and Clinical Characteristics of the Study Population

Correlation Between PNB Response and Overall Recovery:
Pearson correlation analysis demonstrated strong associations
between early PNB response and long-term recovery measures.
Early response showed the strongest correlation with motor
recovery at six months (r = 0.71, p < 0.001). Sensory recovery also
correlated significantly (r = 0.65, p = 0.002). Functional disability
scores (DASH and LEFS) showed a strong inverse correlation (r =
0.68, p < 0.001), indicating better functional ability in early
responders. These results, summarized in Table 5, confirm the
predictive value of early PNB response.

Variable Early Responders (n=63) Non-Responders (n=37) p-value
Mean Age (years) 35.1+11.0 36.9+9.8 0.42
Gender (M/F) 43/20 25/12 0.88
Upper Limb Amputation 25 (39.6%) 14 (37.8%) 0.86
Lower Limb Amputation 38 (60.3%) 23 (62.1%) 0.86
End-to-End Repair 35 (55.6%) 22 (59.4%) 0.71
Nerve Grafting 18 (28.6%) 10 (27.0%) 0.85
TMR 6 (9.5%) 4 (10.8%) 0.82
RPNI 4 (6.3%) 1 (2.7%) 0.38
Table 2: Comparison of Motor Recovery (MRC Scores) Between Groups
Time Point Early Responders (Mean = SD) Non-Responders (Mean + SD) p-value
1 Month 241+0.73 1.96 + 0.60 0.004
3 Months 3.32+£0.79 2.48 +£0.92 <0.001
6 Months 4.09 +£0.82 2.92+1.14 0.001
Table 3: Sensory Recovery Parameters at Six Months
Sensory Parameter Early Responders Non-Responders p-value
2-Point Discrimination (mm) 6.2+1.7 89+23 <0.001
Monofilament Sensitivity (g) 3.2+0.9 4.7+1.1 <0.001
VAS Pain Reduction 46+1.2 3.0+13 <0.001
Table 4: Functional Disability Scores at Six Months
Functional Assessment Early Responders Non-Responders p-value
DASH (Upper Limb) 324+78 48.1+9.6 <0.001
LEFS (Lower Limb) 48.6+10.4 36.2+11.8 0.002
Table 5: Pearson Correlation Between Early PNB Response and Recovery Outcomes
Outcome Variable Correlation Coefficient (r) p-value Interpretation
Motor Recovery (MRC Score) 0.71 <0.001 Strong positive correlation
Sensory Recovery (2PD/Monofilament) 0.65 0.002 Moderate-to-strong correlation
Functional Scores (DASH/LEFS) 0.68 <0.001 Strong correlation
DISCUSSION underlying  sensory  fiber  viability’*. The  enhanced

The present study evaluated the predictive value of early
peripheral nerve block (PNB) response in determining long-term
sensory, motor, and functional recovery following reconstructive
nerve surgery in patients with traumatic limb amputations ’. The
findings demonstrated that an early positive clinical response to
PNB defined as improvement in sensation, pain reduction, or the
appearance of motor flicker was strongly associated with superior
neurological and functional outcomes at six months. This highlights
the potential of PNB responsiveness as an inexpensive, non-
invasive, and clinically practical tool for prognostic assessment in
reconstructive peripheral nerve surgery ®°.

The results showed that early responders consistently
exhibited higher MRC motor scores during all follow-up intervals
compared with non-responders'’. By the six-month endpoint, early
responders achieved near-normal MRC grades in many cases,
whereas non-responders showed more limited improvement. This
suggests that neural pathways capable of showing rapid functional
alteration following local anesthetic administration may also
possess better intrinsic regenerative potential. These findings align
with the physiological premise that preserved axonal continuity or
partial nerve integrity allows transient conduction changes after
PNB, thereby predicting favorable postoperative reinnervation™*.

Sensory recovery patterns mirrored the motor findings, with
early responders showing significant improvements in two-point
discrimination, monofilament sensitivity, and pain reduction. These
results reinforce the concept that early block response reflects

electrophysiological reinnervation observed in early responders
provides objective validation of these clinical outcomes. Previous
studies have described diagnostic nerve blocks as a means to
predict surgical outcomes in entrapment neuropathies and chronic
pain conditions; however, evidence in post-amputation nerve
reconstruction has been limited. The present study adds to the
growing body of literature by demonstrating that diagnostic PNBs
can also serve as a reliable prognostic modality in the context of
traumatic nerve repair'*.

Functional outcomes including DASH for upper limbs and
LEFS for lower limbs were substantially better among early
responders, indicating that early neural responsiveness translates
into meaningful improvement in daily functioning and mobility®.
Functional performance outcomes are crucial in amputee
rehabilitation, as patients with optimized nerve recovery often
experience reduced prosthetic complications, enhanced limb
coordination, and greater independence in daily activities. The
strong correlation between early PNB response and functional
scores highlights its role not merely as a neurological marker but
also as a predictor of broader rehabilitation success'®.

The correlation analysis further confirmed the robust
predictive relationship between early PNB response and long-term
outcomes. Strong correlations were observed for motor, sensory,
and functional parameters, emphasizing that PNB responsiveness
captures multiple dimensions of neural recovery. These findings
have important implications for surgical decision-making"’. Patients
demonstrating minimal or absent early block response may have
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more extensive nerve damage or limited regenerative capacity and
may benefit from adjunctive interventions, earlier initiation of
alternative reconstructive strategies such as targeted muscle
reinnervation, or more intensive rehabilitation planninglg.

This study has several strengths, including its prospective
design, standardized procedures across two major medical
centers, blinded outcome assessment, and comprehensive
evaluation of both clinical and electrophysiological measures™.
However, limitations must also be acknowledged. The study was
conducted in only two hospitals, which may limit generalizability to
broader populations. The follow-up period was six months, and
although clinically meaningful, nerve regeneration continues for up
to 18-24 months; thus, longer follow-up would provide additional
insight. Furthermore, the degree of tissue scarring, variability in
injury pattern, and differences in rehabilitation engagement may
have influenced recovery trajectories®.

Despite these limitations, the study provides compelling
evidence that early clinical response to peripheral nerve block is a
valuable predictor of sensory, motor, and functional outcomes after
nerve reconstruction in amputated limbs. Incorporating PNB-based
assessment into preoperative evaluation may help surgeons better
stratify patients, refine surgical planning, counsel patients
realistically, and optimize rehabilitation strategies'” .

CONCLUSION

Early response to peripheral nerve block is a strong and reliable
predictor of long-term neurological and functional recovery
following reconstructive peripheral nerve surgery in patients with
traumatic limb amputations. Patients who demonstrated 250%
improvement in sensory or motor function shortly after PNB
achieved significantly better motor strength, superior sensory
reinnervation, and improved functional scores at six months
compared with non-responders. These findings indicate that PNB
responsiveness reflects underlying nerve viability and regenerative
potential, making it a practical, low-cost, and clinically meaningful
tool for prognostication. Integrating early PNB assessment into
surgical workflows may enhance patient selection, guide
individualized rehabilitation, and improve overall clinical outcomes
in amputee care. Further multicenter studies with longer follow-up
periods are recommended to validate these results and expand
their applicability.
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