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Abstract 

Objectives: High ulnar nerve injuries often cause severe functional impairment, and the best secondary 
repair method remains debated. This study compared the effectiveness of sural nerve grafting and 

anterior interosseous nerve (AIN) transfer following failed primary ulnar nerve repairs . 

Methods: This retrospective cohort study included 42 patients with isolated high ulnar nerve injuries who required 
secondary surgical intervention. Patients were allocated to either the sural nerve grafting (n = 23) or AIN transfer 
(n = 19) group based on predefined clinical criteria. Motor and sensory functions were assessed using the British 
Medical Research Council (BMRC) grading system and a two-point discrimination (2PD) test. Grip and pinch 
strength were measured, and functional recovery was evaluated using the Disabilities of the Arm, Shoulder, and 
Hand (DASH) questionnaire.  

Results: The AIN transfer group exhibited significantly superior motor recovery, with 68.5% of patients achieving 
BMRC grades M4–M5, compared to only 17.4% in the sural grafting group (P = 0.03). Sensory recovery was also 
markedly better in the AIN group, with a higher proportion of patients reaching BMRC sensory grades S3–S4 
(P = 0.04). Additionally, the AIN transfer group demonstrated significantly greater grip strength (30.1 ± 6.1 kg vs. 
24.3 ± 5.2 kg; P = 0.03) and pinch strength (7.2 ± 1.5 kg vs. 5.8 ± 1.3 kg; P = 0.04). Improvement in DASH scores was 
more substantial in the AIN group (–26.6 ± 5.7 vs. –14.6 ± 4.3; P = 0.02), indicating better functional recovery. 
Although the AIN group showed a trend toward improved 2PD, the difference was not statistically significant 
(P = 0.18).  

Conclusion: AIN transfer provides superior outcomes compared to sural nerve grafting for the secondary repair of 
high ulnar nerve injuries, demonstrating significantly enhanced motor and sensory recovery, grip and pinch strength, 
and overall functional improvement.  

        Level of evidence: III 

        Keywords:  Anterior Interosseous Nerve, High Ulnar Nerve Injury, Nerve Graft, Nerve Transfer, Sural Nerve,  

 
 

Introduction

eripheral nerve injuries of the upper extremity, 
particularly those involving the ulnar nerve, remain 
a significant challenge in reconstructive surgery.1,2 

The ulnar nerve plays a crucial role in hand function by 
innervating the intrinsic muscles and providing sensation 
to the ulnar aspect of the hand.3,4 Complete loss of ulnar 
nerve function typically results in significant disability, 

including diminished grip strength and the development of 
a claw-like deformity in the ring and little fingers.5 
Although various surgical techniques have been developed 
for nerve reconstruction, the outcomes following the repair 
of high ulnar nerve injuries remain suboptimal compared 
to those of other peripheral nerves in the upper 
extremity.6-8 
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Traditional approaches to ulnar nerve reconstruction 
have primarily relied on direct nerve repair when possible 
or interpositional nerve grafting when a tension-free repair 
cannot be achieved.9 However, nerve grafting presents 
several challenges, including donor site morbidity, the 
necessity for two coaptation sites, and diminished axonal 
regeneration across the graft.10-12 Studies have shown that 
functional recovery following grafting for high ulnar nerve 
injuries is often incomplete, with only 56-73% of patients 
achieving useful motor recovery.13-15 High ulnar nerve 
injuries frequently result in significant motor and sensory 
deficits, primarily due to the extensive regeneration 
distance required for axons to reach the intrinsic hand 
muscles before irreversible motor endplate atrophy 
occurs.16,17 While traditional methods, such as sural nerve 
grafting, have shown limited efficacy in restoring motor 
function, particularly in proximal injuries, nerve transfer 
techniques, such as anterior interosseous nerve (AIN) 
transfer, offer distinct advantages.16,18 The AIN transfer 
provides a closer axonal source to the target muscles, 
thereby reducing the reinnervation distance and expediting 
recovery.19 Moreover, it bypasses the site of injury, 
minimizes donor site morbidity, and enhances motor 
recovery through precise fascicular alignment and 'double 
innervation' in supercharged configurations.16,19 
Consequently, AIN transfer demonstrates superior 
outcomes in motor strength, grip, and pinch function, as 
well as overall functional recovery compared to nerve 
grafting.16,18 These findings underscore its potential as the 
preferred technique for addressing high ulnar nerve 
injuries. 

Recently, nerve transfer techniques have emerged as 
alternative options for reconstruction. This concept 
involves redirecting expendable donor nerve branches to 
reinnervate critical functions, typically performed closer to 
the target muscles.20 This approach offers several 
theoretical advantages, including a single coaptation site, a 
shorter regeneration distance, and the ability to bypass the 
zone of injury.21-23 The anterior interosseous nerve (AIN) 
transfer to the deep motor branch of the ulnar nerve has 
gained particular interest for treating high ulnar nerve 
injuries.19,20 

Despite the increasing adoption of nerve transfers, there 
is ongoing debate about the optimal approach for 
reconstructing high ulnar nerve injuries.20 Some studies 
have demonstrated superior outcomes with nerve 
transfers compared to grafting,24 while others suggest 
comparable results between the two techniques.25 
Additionally, the criteria for selecting between grafting 
and transfer techniques remain incompletely defined. 

The timing of surgical intervention also represents a 
critical consideration.26 While early repair is generally 
preferred, many patients present for delayed 
reconstruction due to failed primary repairs or late 
referrals. Secondary repair introduces additional 
challenges, such as muscle atrophy and scarring, which 
can potentially affect functional recovery.27-29 
Understanding the relative efficacy of grafting and 
transfer techniques in the context of secondary repair is 
crucial for optimizing surgical decision-making. 

The present study aimed to compare the outcomes of 
sural nerve grafting and anterior interosseous nerve 

transfer for the secondary repair of high ulnar nerve 
injuries. We hypothesized that nerve transfers would 
demonstrate superior motor recovery and functional 
outcomes compared to grafting techniques. These results 
may assist in informing surgical decision-making and 
establishing evidence-based criteria for technique 
selection in this challenging patient population. 

Materials and Methods 
Study Design and Setting 

This retrospective cohort study evaluated the efficacy of 
secondary ulnar nerve repair using sural nerve grafting in 
comparison to AIN transfer. The study was conducted at a 
tertiary care university hospital in Isfahan, Iran, from 
January 2020 to March 2024. Ethical approval was obtained 
from the Institutional Ethics Committee (approval no. 
IR.MUI.MED.REC.1403.244). All procedures adhered to the 
ethical standards outlined in the Declaration of Helsinki. 

Participants 
All patients who underwent secondary ulnar nerve repair 

at our institution during the study period were included 
using a census sampling method. Eligible participants were 
adults over 18 years of age who had sustained a complete 
and isolated high ulnar nerve injury between the elbow and 
the axilla. To qualify for secondary repair, at least six months 
must have elapsed since the initial nerve repair, which 
involved direct end-to-end suturing without grafts or nerve 
transfer. Additionally, patients exhibited persistent 
functional deficits following the primary repair, as 
evidenced by the lack of nerve function recovery during 
preoperative clinical assessments. 

The exclusion criteria were rigorously applied to ensure a 
homogeneous study population. Patients were excluded if 
their injuries involved other major nerves, such as the 
median or radial nerve, or if they had systemic conditions 
known to impair nerve healing, such as diabetes mellitus, 
peripheral vascular disease, or advanced neuropathy. 
Additional exclusion criteria included cognitive 
impairments or psychiatric conditions that could affect 
compliance with rehabilitation, significant musculoskeletal 
deformities, complex injuries necessitating simultaneous 
reconstruction of other tissues, and an inability to tolerate 
secondary surgery due to other health issues. 

Surgical Methods 
All secondary ulnar nerve reconstructions were 

performed under general anesthesia by a fellowship-
trained hand surgeon and a peripheral nerve specialist 
(A.D.) to minimize inter-surgeon variability. The decision 
to employ either sural nerve grafting or AIN transfer was 
guided by predefined clinical criteria to ensure unbiased 
allocation.30,31 Specifically, patients presenting with a nerve 
gap exceeding 5 cm or those exhibiting painful neuromas 
were directed toward AIN transfer.28 Conversely, 
individuals with a nerve gap shorter than 5 cm and without 
neuroma formation underwent sural nerve grafting.31-33 
The measurement of the nerve gap and the presence of 
neuromas were confirmed intraoperatively through direct 
visualization and palpation. 

For the AIN transfer procedure, an incision was made to 
encompass the distal forearm and the region of Guyon's 
canal, allowing for meticulous identification of both the 
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deep and superficial divisions of the ulnar nerve at the 
wrist.34 The motor division of the ulnar nerve was traced 
proximally through intraneural dissection, whereas the 
AIN was accessed by laterally dissecting the flexor tendons 
over the pronator quadratus muscle. A tension-free, direct 
end-to-end anastomosis between the motor division of the 
ulnar nerve and the distal segment of the AIN was achieved 
using 10-0 nylon sutures.16,19 In the sural nerve grafting 
technique, the sural nerve was harvested from the 
posterior calf through a small incision located posterior to 
the lateral malleolus. The harvested nerve was carefully 
isolated and sectioned into multiple cable grafts, each 
extending approximately 10% beyond the measured nerve 
gap to accommodate individual anatomical variations and 
minimize tension. These grafts were then sutured to the 
proximal and distal stumps of the injured ulnar nerve using 
9-0 or 10-0 nylon epineural sutures.34,35 In both 
procedures, meticulous microsurgical techniques were 
employed to ensure accurate fascicular alignment and 
optimal conditions for nerve regeneration. Hemostasis was 
maintained, and surgical incisions were closed in the 
anatomical layers, with suction drains placed as necessary.  

Rehabilitation 
Postoperative rehabilitation was implemented as a 

structured and essential phase of recovery to ensure 
optimal motor and sensory restoration following the 
repair of a high ulnar nerve injury. In accordance with 
established protocols, the affected limb was immobilized 
with a splint for approximately four weeks to protect the 
surgical site, stabilize the repair, and support graft 
integration.36 

A standardized rehabilitation program was initiated 
under professional supervision and included evidence-
based interventions. Daily low-intensity electrical 
stimulation was applied to the affected limb, as research 
has demonstrated its efficacy in promoting nerve 
regeneration and muscle re-education.37 Additionally, 
gentle passive range-of-motion exercises were initiated 
immediately post-surgery to prevent joint stiffness and 
maintain mobility. These exercises were performed 
multiple times daily, with gradually increasing intensity 
over the first six weeks based on validated tissue healing 
protocols.38 

Following the immobilization phase, a personalized 
rehabilitation protocol was developed based on the 
established recovery parameters. Progressive resistance 
training was introduced at 6 to 8 weeks post-surgery, 
focusing on strengthening both intrinsic and extrinsic 
hand muscles in accordance with evidence-based 
guidelines for peripheral nerve rehabilitation.39 This 
training utilized resistance tools such as hand grippers 
and elastic bands to rebuild grip strength, pinch strength, 
and dexterity for fine motor tasks.37 

Functional training was integrated using validated 
therapeutic approaches.40 Tasks included gripping 
objects of varying sizes, performing fine motor activities, 
and engaging in simulated occupational tasks. 
Occupational therapy further supported these efforts by 
assisting patients in adapting reinnervated muscles to 
daily functional demands, thereby improving their 
independence in activities of daily living.41,42  

Outcome Measures 
  The outcomes were assessed by two orthopedic specialists 
who were blinded to the type of surgical intervention 
received. Follow-up evaluations were conducted at one 
month, three months, six months, and annually, with the final 
assessment at 24 months post-surgery. Throughout the 
follow-up period, patients were continuously monitored for 
potential complications at the graft or transfer sites to ensure 
a comprehensive outcome assessment. 
  Motor and sensory functions were assessed using the 
British Medical Research Council (BMRC) grading 
system.17,43,44 Motor recovery was categorized from M0 (no 
muscle contraction) to M5 (normal muscle strength), with 
evaluations conducted at each follow-up to monitor 
improvements. Sensory recovery was similarly assessed 
using the BMRC sensory scale, which ranges from S0 (no 
sensation) to S4 (normal sensation). Additionally, the two-
point discrimination (2PD) test was administered to 
quantitatively evaluate sensory nerve regeneration. In this 
test, patients were instructed to distinguish between two 
points of contact at standardized intervals using a calibrated 
instrument.45,46  
  Grip and pinch strength were evaluated during follow-up 
assessments using standardized methods. Grip strength was 
measured with a Jamar dynamometer set to the second 
handle position, while pinch strength was assessed using a 
pinch gauge. Each patient completed three trials for each 
measurement, and the highest value was recorded for 
analysis.47,48 
  Functional recovery was further quantified using the 
Disabilities of the Arm, Shoulder, and Hand (DASH) 
questionnaire, a validated 30-item self-report instrument 
that assesses physical function and symptoms related to 
upper-extremity musculoskeletal disorders. DASH scores 
range from 0 to 100, with higher scores indicating greater 
disability.49,50 

Statistical Analysis 
  All data analyses were performed using SPSS software 
(version 26.0; IBM Corp., Armonk, NY, USA). Descriptive 
statistics are presented as means and standard deviations for 
continuous variables and as frequencies and percentages for 
categorical variables. The Shapiro-Wilk test was used to 
assess the normality of continuous variables. For variables 
that exhibited a normal distribution, such as age and body 
mass index (BMI), comparisons between groups were 
conducted using independent t-tests. For variables with a 
non-normal distribution, including grip strength, pinch 
strength, and DASH scores, the Mann-Whitney U test was 
employed. Categorical variables were compared using either 
the chi-square test or Fisher’s exact test, as appropriate. A 
significance level of P < 0.05 was set for established analyses.  
There were no missing data; thus, an intention-to-treat 
analysis was not necessary. 

Results 
Patient Demographics and Clinical Characteristics 
  Of the 223 patients initially screened, 181 were excluded for 
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the following reasons: concurrent nerve injuries (63), 
systemic conditions (34), musculoskeletal deformities or 
complex tissue injuries (27), cognitive or psychiatric 
impairments (32), other health conditions that prevent 

surgery (25), prior sural graft or AIN transfer (20), and 
incomplete records (10) [Figure 1]. The remaining 42 
patients were allocated to either the sural nerve grafting 
group (n = 23) or the AIN transfer group (n = 19).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The patient selection flowchart illustrating the screening process, exclusion criteria, and final cohort allocation for the study 

 
 

  
  The mean age was 34.7 ± 8.3 years in the sural nerve 
grafting group and 32.9 ± 7.8 years in the AIN transfer group, 
with no significant difference between the groups (P = 0.45). 
The sex distribution was comparable, with males comprising 
73.9% of the grafting group and 73.7% of the AIN transfer 
group (P = 0.87). The mean BMI was 24.8 ± 3.2 kg/m² in the 
grafting group and 25.1 ± 3.4 kg/m² in the AIN transfer group 
(P = 0.76). The dominant hand was affected in 56.5% of the 
grafting group and 57.9% of the AIN transfer group (P = 
0.89). 
  The average time from initial injury to secondary repair was 
8.2 ± 1.8 months for the sural nerve grafting group and 7.8 ± 
1.6 months for the AIN transfer group (P = 0.54). The follow-
up duration averaged 25.6 ± 6.2 months in the grafting group 

and 24.7 ± 5.0 months in the AIN transfer group (P = 0.56). 
The mechanisms of injury were comparable between the 
groups, with sharp lacerations occurring in 43.5% of the 
grafting group and 47.4% of the AIN transfer group (P = 
0.84). Other causes of injury included motor vehicle 
accidents, occupational injuries, crush injuries, and 
miscellaneous injuries. The level of injury was 
predominantly at the elbow, affecting65.2% of the grafting 
group compared to 63.2% of the AIN transfer group. Distal 
arm injuries were observed in 21.7% of the grafting group 
versus 21.1% of the AIN transfer group, while proximal arm 
injuries were noted in 13.0% versus 15.8% of patients, 
respectively (P = 0.81) [Table 1]. 

 
 

Table 1. Demographic and Clinical Characteristics 

Characteristic Sural Nerve Grafting (n = 23) AIN Nerve Transfer (n = 19) P-value 

Age (years), (Mean ± SD) 34.7 ± 8.3 32.9 ± 7.8 0.45 

Male, n (%) 17 )73.9%) 14 )73.7) 0.87 

BMI (kg/m²), (Mean ± SD) 24.8 ± 3.2 25.1 ± 3.4 0.76 

Dominant hand affected, n (%) 13 )56.5%) 11 )57.9%) 0.89 

Time to secondary repair (months), (Mean ± SD) 8.2 ± 1.8 7.8 ± 1.6 0.54 

Follow-up Duration (months), (Mean ± SD) 25.6 ± 6.2 24.7 ± 5.0 0.56 

Initial Injury Mechanism, n (%) 
  

 

Sharp Laceration (knife or glass) 10 )43.5%) 9 )47.4%) 

0.84 

Motor Vehicle Accidents 3 )13.0%) 4 )21.1%) 

Occupational Injuries 5 )21.7%) 3 )15.8%) 

Crush Injury 3 )13.0%) 2 )10.5%) 

Other Injuries 2 )8.7%) 1 )5.3%) 
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Table 1. Continued 

Level of Injury, n (%) 
  

 

 Elbow 15 )65.2%) 12 )63.2%) 

0.81  Distal Arm 5 )21.7%) 4 )21.1%) 

 Proximal Arm 3 )13.0%) 3 )15.8%) 

 
 
Motor Function Outcomes 
  Motor function was evaluated using the BMRC grading 
system, which ranges from M0 (no muscle contraction) to M5 
(normal muscle strength). In the sural nerve grafting group, 
26.1% of patients were classified as M0–M2, indicating 
minimal to no recovery, whereas 43.5% achieved M3, 
demonstrating moderate recovery. Only 17.4% reached M4, 

indicating good recovery, and none attained M5. In contrast, 
10.5% of patients in the AIN transfer group were graded as 
M0–M2, with a higher proportion achieving M4 (47.4%) and 
M5 (21.1%), indicating better overall recovery. The 
difference in motor function recovery between the two 
groups was statistically significant (P = 0.03) [Table 2]. 

 
Table 2. Comparison of Motor Function Outcomes Between Groups 

Motor Scale (BMRC), n (%) Sural Nerve Grafting (n = 23) AIN Transfer (n = 19) P-value 

M0-M2 6 )26.1%) 2 )10.5%) 

0.03* 
M3 10 )43.5%) 4 )21.1%) 

M4 4 )17.4%) 9 )47.4%) 

M5 0 )0%) 4 )21.1%) 

*Statistically significant difference (P < 0.05)

 
Sensory Function Outcomes 
  Sensory recovery was assessed using the BMRC sensory 
scale, which ranges from S0 (no sensation) to S4 (normal 
sensation), along with the 2PD test. In the sural nerve 
grafting group, 30.4% of patients exhibited poor sensory 
recovery (S0–S2), whereas 39.1% reached S3, indicating 
protective sensation. Only 13.0% achieved S3+, and none 
reached S4. In contrast, the AIN transfer group had 15.8% of 

patients classified as S0–S2, whereas a higher proportion 
reached S3+ (31.6%) and S4 (21.1%). The difference in 
sensory recovery between the two groups was statistically 
significant (P = 0.04). Although the AIN transfer group 
demonstrated a trend toward improved 2PD outcomes, with 
57.9% achieving 2PD ≤ 10 mm compared to 34.8% in the 
grafting group, these differences were not statistically 
significant (P = 0.18) [Table 3]. 

 
 

Table 3. Comparison of Sensory Function Outcomes Between Groups 

Parameter Sural Nerve Grafting (n = 23) AIN Nerve Transfer (n = 19) P-value 

Sensory Scale (BMRC), n (%)    

S0-S2 7 )30.4%) 3 )15.8%) 

0.04* 
S3 9 )39.1%) 6 )31.6%) 

S3+ 3 )13.0%) 6 )31.6%) 

S4 0 )0%) 4 )21.1%) 

Two-Point Discrimination (2PD), n (%)    

2PD ≤ 6 mm 0 )0%) 2 )10.5%) 

0.18 2PD 7-10 mm 8 )34.8%) 9 )47.4%) 

2PD > 10 mm 15 )65.2%) 8 )42.1%) 

         *Statistically significant difference (P < 0.05) 

 
 
Functional Outcomes and Quality of Life 
  Functional recovery, as measured by grip and pinch 
strength, was significantly greater in the AIN transfer group 
compared to the sural nerve grafting group. The mean grip 
strength in the grafting group was 24.3 ± 5.2 kg, while in the 

AIN transfer group was 30.1 ± 6.1 kg )P = 0.03). The mean 
pinch strength in the grafting group was 5.8 ± 1.3 kg 
compared to 7.2 ± 1.5 kg in the AIN transfer group )P = 0.04) 
[Table 4]. 
  The DASH questionnaire showed a significantly greater 
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improvement in the AIN transfer group. The mean 
improvement in the DASH score was –14.6 ± 4.3 in the sural 
nerve grafting group and –26.6 ± 5.7 in the AIN transfer 
group (P = 0.02). The final postoperative DASH scores were 

lower (indicating better function) in the AIN transfer group 
(28.5 ± 6.9) compared to the grafting group (39.7 ± 7.2; P = 
0.02) [Table 5]. 

  

*Statistically significant difference (P < 0.05)

 

*Statistically significant difference (P < 0.05)

 
 
Complications 
  No major complications were reported in either group of 
patients. Minor complications included transient numbness 
at the donor site in two patients (8.7%) in the sural nerve 
grafting group and in one patient (5.3%) in the AIN transfer 
group, with no significant difference between the groups (P 
= 0.68). 

Discussion 
  This retrospective cohort study evaluated the efficacy of 
sural nerve grafting compared to AIN transfer for the 
secondary repair of high ulnar nerve injuries. The findings 
demonstrate that AIN transfer significantly outperforms 
sural nerve grafting in terms of motor and sensory recovery, 
grip and pinch strength, and overall functional improvement, 
as measured by the DASH questionnaire. These results 
provide compelling evidence to support the use of nerve 
transfer techniques in the reconstruction of complex high 
ulnar nerve injuries. 
  The superior motor recovery observed in the AIN transfer 
group is particularly noteworthy. A significantly higher 
proportion of patients achieved BMRC Grades M4 and M5 
following AIN transfer (68.5%) compared to the sural nerve 
grafting group (17.4%) (P = 0.03). This finding aligns with 
existing literature suggesting that nerve transfers offer a 
more efficient means of reinnervating target muscles, 
especially in case of proximal nerve injuries where 
regeneration distances are substantial.31,32 The AIN transfer 
provides a direct connection between a functioning donor 
nerve and the distal motor endplates of the ulnar nerve, 
thereby reducing both the axonal regeneration distance and 
the time required for recovery. This approach not only 
facilitates quicker reinnervation but also mitigates muscle 
atrophy associated with prolonged denervation.28 
  Moreover, the intrinsic anatomical and physiological 
compatibility between the AIN and the ulnar nerve may 

contribute to enhanced motor outcomes. Both nerves 
innervate muscles that are crucial for fine motor control of 
the hand, potentially allowing for better functional 
integration following the transfer.17 The ability of the AIN 
transfer to preserve the cortical representation and pre-
existing motor patterns could further enhance motor 
recovery, as suggested by studies on cortical plasticity 
following nerve transfers.51,52 
  Sensory recovery was notably more favorable in the AIN 
transfer group, with a higher percentage of patients 
achieving elevated BMRC sensory grades (S3+ and S4) (P = 
0.04). Although the 2PD test did not reach statistical 
significance, this trend suggests that nerve transfer may 
provide superior sensory outcomes compared to grafting. 
This advantage may be attributed to the more precise 
coaptation of sensory fascicles in nerve transfers, which 
reduces mismatches and enhances the specificity of 
reinnervation.30 Additionally, direct transfer avoids the 
potential for scar formation and neuroma development at 
the injury site, both of which can impede sensory recovery in 
nerve grafts.35 
  However, the present study also demonstrates that both 
techniques have limitations in achieving complete sensory 
recovery, a challenge noted in previous research, such as that 
conducted by Roganovic et al.,53 who emphasized the 
difficulty in restoring full sensory function for high-level 
injuries, regardless of the reconstructive method employed. 
The absence of statistically significant differences in 2PD may 
be attributed to the limited sensitivity of the test or the 
sample size. Future studies employing more sensitive 
electrophysiological assessments could provide a deeper 
understanding of sensory recovery patterns.45,54 
  The enhanced grip and pinch strengths observed in the AIN 
transfer group further substantiate the superiority of this 
technique. Grip strength averaged 30.1 ± 6.1 kg in the AIN 
transfer group, compared to 24.3 ± 5.2 kg in the sural nerve 

Table 4. Grip and Pinch Strength Outcomes in Study Groups 

Parameter Sural Nerve Grafting Group (Mean ± SD) AIN Transfer Group (Mean ± SD) P-value 

Grip Strength )kg) 24.3 ± 5.2 30.1 ± 6.1 0.03* 

Pinch Strength )kg) 5.8 ± 1.3 7.2 ± 1.5 0.04* 

Table 5. Functional Improvement in DASH Scores 

Parameter Sural Nerve Grafting (Mean ± SD) AIN Nerve Transfer (Mean ± SD) P-value 

Preoperative DASH score 54.3 ± 8.5 55.1 ± 9.1 0.78 

Postoperative DASH score 39.7 ± 7.2 28.5 ± 6.9 0.02* 

Improvement in DASH score -14.6 ± 4.3 -26.6 ± 5.7 0.02* 



(355) 

 

 

 
  

 

THE ARCHIVES OF BONE AND JOINT SURGERY.    ABJS.MUMS.AC.IR 
VOLUME 13. NUMBER 6.  JUNE 2025 

 

EFFICACY OF SURGICAL TECHNIQUES IN ULNAR NERVE REPAIR 

grafting group. A similar trend is evident in the pinch 
strength. These functional measures are critical for hand 
dexterity and directly impact the ability to perform daily 
activities and occupational tasks.48 This observation is 
consistent with the systematic review conducted by McLeod 
et al.,17 which highlighted that nerve transfers tend to restore 
greater strength due to more effective reinnervation of key 
muscle groups in the hand. Moreover, studies by Lim et al.48 
have shown normative data indicating that effective nerve 
transfer techniques are crucial for restoring motor function 
and the overall hand strength required for activities of daily 
living. 
   The significant improvement in DASH scores observed in 
the AIN transfer group, compared to the sural nerve grafting 
group, underscores the clinical relevance of these findings. 
Lower DASH scores reflect better upper extremity function 
and reduced disability, in which contribute to an enhanced 
quality of life. These results align with previous studies 
indicating that nerve transfers can lead to superior patient-
reported outcomes due to more rapid and effective 
functional recovery.16,55  
  Several factors may have contributed to the observed 
differences between the two surgical techniques. Nerve 
grafting relies on axonal regeneration across the grafted 
segment, which can be impeded by factors such as scar tissue, 
neuroma formation, and the length of the nerve gap.30,35 The 
longer regeneration distance in nerve grafting prolongs the 
time before reinnervation occurs, during which irreversible 
muscle atrophy and fibrosis may develop, ultimately limiting 
functional recovery.34 
   In contrast, nerve transfers bypass the site of injury by 
connecting healthy donor nerve directly to the distal nerve 
stump. This approach significantly reduces both the distance 
and time required for regeneration.31 This direct approach 
enhances the specificity of reinnervation and may improve 
functional outcomes, particularly in cases of proximal 
injuries where the distance to the target muscles is 
substantial.33,34,56 Additionally, nerve transfers can preserve 
end-organ receptivity by reducing the denervation period, 
thereby facilitating better functional integration.52,56,57 The 
absence of significant complications further supports the 
viability of both techniques as effective treatment options, 
although their efficacy profiles may differ depending on the 
level and complexity of the nerve injury.14,34,36 
  However, some nuances of this study are worth mentioning. 
While nerve grafting was less effective in restoring motor 
function compared to AIN transfer, it was found to be 
somewhat more beneficial in managing pain associated with 
neuromas,58 which supports the findings of Poppler et al.,35 
who noted that grafting techniques could be useful in 
addressing the sensory component of nerve injuries when 
pain control is a primary consideration. Additionally, 
although nerve transfer has shown superior motor 
outcomes, its effectiveness in restoring protective sensation 
across the entire hand remains limited, necessitating 
additional interventions or complementary grafts, as 
highlighted by Moore et al.43 in their analysis of motor and 
sensory transfers. 

  These findings have significant implications for clinical 
practice. For patients with high ulnar nerve injuries, 
especially those with nerve gaps exceeding 5 cm or painful 
neuromas, AIN transfer should be strongly considered as the 
preferred surgical intervention. The potential for improved 
motor and sensory recovery, along with enhanced functional 
outcomes, could lead to greater patient satisfaction and a 
reduction in long-term disability. 
  Moreover, the absence of major complications and the low 
incidence of minor complications in both groups suggest that 
AIN transfer is a safe procedure when performed by 
experienced surgeons. This finding aligns with existing 
literature that emphasizes the importance of surgical 
expertise and meticulous technique in optimizing outcomes 
and minimizing risks.41 
  Despite the strengths of this study, it has several limitations. 
First, patients were assigned to treatment groups based on 
clinical criteria rather than randomization, which introduces 
the potential for selection bias and confounding variables 
that could influence the observed outcomes. Although we 
employed predefined clinical criteria and ensured 
comparable baseline characteristics between the groups to 
mitigate this risk, the inherent nonrandomized design limits 
our ability to fully eliminate these factors. Additionally, the 
retrospective nature of the study may have introduced other 
biases related to data collection and patient selection. The 
relatively small sample size and single-center setting further 
restrict the generalizability of our findings. Future 
multicenter, prospective, randomized controlled trials with 
larger cohorts are needed to validate these results and 
provide higher-level evidence. Moreover, while patient 
adherence to rehabilitation was monitored, variations in 
individual engagement could have influenced the outcomes. 
Standardized rehabilitation protocols and objective 
adherence measures should be incorporated in future 
studies to ensure consistent postoperative care. 
Furthermore, studies examining the cost-effectiveness of 
each surgical option would provide valuable information 
regarding the allocation of healthcare resources. 

Conclusion 
  This retrospective study suggests that AIN transfer may 
provide better motor and sensory outcomes, greater 
strength, and improved functional recovery compared to 
sural nerve grafting for the secondary repair of high ulnar 
nerve injuries. These findings indicate that nerve transfer 
techniques could be a valuable option in appropriate clinical 
scenarios, potentially offering a more effective means of 
reinnervating the target muscles and restoring hand 
function. However, due to the observational nature of the 
study and limitations such as non-randomized group 
allocation and a small sample size, these results should be 
interpreted with caution. Further prospective, randomized 
controlled trials are necessary to confirm these findings and 
refine surgical strategies and rehabilitation protocols for 
patients with peripheral nerve injuries.  
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