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ABSTRACT

Introduction: The main objective of the current study is to investigate variations in postoperative outcomes
that follow digital nerve repair in Zone 1 and Zone 2, respectively. We hope that by carrying out this investi-
gation, we will be able to identify which zone has better sensation recovery and patient-reported outcomes,
allowing us to identify the best way of conducting surgery for specific types of injuries.

Materials and methods: A retrospective cohort study was conducted in patients with digital nerve injuries
treated in a designated hand surgery clinic between January 2021 and December 2023. The study was guided
by ethical consideration, where all participants gave their informed consent. Surgical interventions involved
primary repair, autograft/allograft nerve grafting, nonsurgical approaches, as well as conduit repair in which
results were determined using objective measures and patient feedback.

Results: Direct repair emerged superior among injuries of Zone 1 and Zone 2 with high success rates and
good patient-reported outcomes. In general, injuries in Zone 1 had better sensory recovery than injuries in
Zone 2 and this was associated with higher levels of satisfaction. Comparisons using statistical methods con-
firmed that direct repair outperformed other modalities.

Conclusion: More importantly, the comparison of this study shows that repairs in Zone 1 are more success-
ful than those in Zone 2 revealing direct repair as a superior method for digital nerve injuries. The difference
is crucial because it suggests that surgical efficiency may depend on where the injury is. This means that
direct repair should be given priority over the two zones, although surgeons will need to watch out for chal-
lenges related to Zone 2 injuries and adjust their strategies accordingly to obtain the best patient outcomes

ARTICLE HISTORY

Received 6 April 2024
Accepted 25 June 2024
Published 26 July 2024

KEYWORDS

Digital nerve injuries;
surgical repair techniques;
Zone 1 and Zone 2 injuries;
direct repair

possible.

Introduction

The number of times that digital nerves are injured in a sample urban
area in Europe is 6.2 cases per 100,000 people [1]. Various household
and occupational accidents cause these injuries, which affect all age
groups. However, it mostly affects employees between the ages of
20 and 40 years, with men two to five times more susceptible than
women [2, 3]. Standard treatment for digital nerve injuries may
involve direct surgical reconnection using the smallest stitches.
However, alternative surgical techniques are used when there is a
gap that prevents direct reconnection [4, 5].

Having an intricate structure, in addition to being vital to daily
living, makes effective therapeutic strategies for hand injuries
extremely necessary. Within this category, however, damage to digital
nerves poses a unique problem due to their profound impact on
tactile sensation and overall hand function. Additionally, variability in
the location of digital nerve injury also complicates matters further
with primary injury divisions limited to Zone 1 or Zone 2 injuries.
This distinction is important because the zone where the injury
occurred can beinfluential both with respect to the operative method
and the prognosis for recovery of neural tissue through regeneration
processes [6].

Loss of sensory input due to digital nerve injuries causes impaired
hand movement, which has an impact on quality of life. This is so
because the repair of these injuries began decades ago and this has
seen the use of direct repair, autografts, allografts, and conduits. On

what it carries along with itself have its own advantages and
limitations that are frequently defined by the magnitude and site
[7, 8]. However, despite advances in surgical techniques, there is a
literature gap on a comprehensive understanding of the relative
effectiveness of these methodsbased ontheinjury zone.Consequently,
digital nerve injuries of Zone 1 versus Zone 2 require a comparative
analysis of how the incision area affects cure or no cure success [9].

However, research on the recovery of tactile sensations is not
merely physical correction but rather restores people’s full interaction
capabilities with their surroundings [10]. Previous research has
provided useful information on digital nerve repair outcomes;
however, few studies conducted comprehensive analyses that
compared success rates between different zones of injury [11].
Additionally, despite being crucial for successful surgical interventions
from a holistic perspective, they are often under-reported in terms of
patient-reported outcomes, such as satisfaction and perceived
quality of life after repair [12].

To narrow the gap in understanding, this study compares the
efficacy of various surgical repair techniques for digital nerve injuries
in Zone 1 and Zone 2. The focus is on sensory recovery regularity and
subjective outcomes, providing a comprehensive view of treatment
effectiveness at different injury sites. This analysis is crucial for clinical
decision-making and improving patient care strategies for digital
nerve injuries.

Our study outlines demographic characteristics, clinical profiles,
operative techniques, and evaluates results using both objective
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Table 1. Demographic and clinical characteristics.

Characteristics Zone 1 injuries (n =52)

Zone 2 injuries (n = 62)

Average age (years) 34.7 (SD: 8.2, Range: 22-47)

Gender Male: 70% > Female: 30%
Injury mechanism Cut: 60% > Crush: 25% > Other: 15%
Occupation Manual Worker: 40% > Office Worker: 20% > Student: 15% >

Other: 25%
1.8 (SD: 0.5, Range: 1-3)
Right: 55% > Left: 45%

Time to treatment (days)
Hand affected

31.9(SD: 9.1, Range: 18-45)

Male: 65% > Female: 35%

Cut: 55% > Crush: 30% > Other: 15%

Manual Worker: 35% > Office Worker: 25% > Student: 20% >
Other: 20%

2.2 (SD: 0.6, Range: 1-4)

Right: 60% > Left: 40%

measures and patient-reported data. This holistic assessment
provides valuable insights into digital nerve repairs.

Digital nerve injuries are complex and require a nuanced
understanding of treatments and outcomes. By comparing Zone 1
and Zone 2 injuries, the study aims to identify the reasons for different
surgical outcomes and suggest optimal treatment strategies. The
ultimate goal is to improve functional outcomes and quality of life for
patients through enhanced standards of care.

Materials and methods
Patients

This research used a retrospective cohort study design, with the main
focus on patients who underwent treatment for injuries to their digital
nerves in the hand surgery clinic of Harran University Hospital
between January 2021 and December 2023. The research was aimed
at creating a comprehensive data set that involved preoperative,
intraoperative, and postoperative determinants. This study was con-
ducted to evaluate and compare the effectiveness of different surgical
repair approaches in the treatment of digital nerve injuries (Figure 1.).

The patients who had exhibited digital nerve injury in Zone 1 or
Zone 2 and undergone surgical repair made up the population
under investigation. Demographic data provided complete range
data comprising age, sex, dominant hand, career, and specific type
of trauma leading to injury (e.g. cut versus crush). By doing so, it
became possible to draw some kind of profile for those
demographical characteristics, which will be useful for a better
understanding of the characteristics of the population that could
influence outcomes after surgery.

Therefore, inclusion criteria were strictly limited to adults over 18
years of age who had clear documentation about digital nerve injury
in Zone 1 or Zone 2 and who had received an operative modality out
of those investigated. Exclusion criteria defined groups such as those
less than 18 years old; polytrauma or accompanying lesions that
cause problems with postoperative evaluation; previous operations
on damaged nerves; incomplete patient’s medical records. The
purpose behind these criteria was to construct an identical group
suitable for precise analysis.

Interventions included direct nerve repair, nerve autografts or
allografts, conduit repairs, and no surgical repair. The selection of

Table 2. Surgical repair techniques and outcomes.

surgical technique was based on the nature of the injury, the
considerations of the patient, and the preference of the surgeon. All
of these were well documented to facilitate further analysis. Direct
nerve repair technique, involving, conventionally, 8-10 sutures of
10-0 single-strand nylon was used in repairing the nerves. Nylon
monofilament threads were the most employed suture material. A
10-0 diameter was implemented to precisely approximate the
nerve endings. The nerve repair was performed under a surgical
microscope to maximise the chances for regeneration by minimising
tension during the approximation of both ends. Each suture was
placed with utmost precision to ensure direct contact between the
nerve ends.

Among other things, Semmes-Weinstein monofilament (SWMF)
tests, Moving Two-Point Discrimination (m2PD), and Static two-point
discrimination (s2PD) were some of the objective outcome measures
chosen with great care. These tests made it possible to make a
quantitative assessment of the sensory recovery that occurred after
surgery. Structured questionnaires were used to collect patient-
reported results. Some topics covered in these questionnaires related
to pain management efficiency, life quality after injury and surgery,
satisfaction with how the operation went, and perception of
improvement in overall performance.

Statistical analysis

Using statistical software, the data was analysed. According to this,
continuous variables were presented in the form of means and stand-
ard deviations, while those categorical were indicated in frequencies
and proportions. Depending on how the data are distributed, we
performed a comparative analysis between surgical techniques using
the chi-square test for categorical variables and ANOVA or Mann-
Whitney U test for continuous ones. For a statistical significance level
of 0.05, we accepted p-values below it.

Ethics

The protocol for this study has been approved by the Ethics Committee
of the Faculty of Medicine, Harran University, before starting the
research. This endorsement indicated that this investigation adhered
to ethical principles outlined in the Declaration of Helsinki (1964) and

Repair technique Direct repair Autograft Allograft Conduit No repair
Zone 1 Injuries (n =52)

Number of patients 47 3 1 1 0
Success rate (%) 90.4 5.8 1.9 1.9 0
Average sensory recovery time (months) 3.2(SD: 0.8) 4.8 (SD: 1.1) 5.2 (SD: 1.4) 6.0 (SD: 1.5) N/A
Complication rate (%) 8% (4/52) 18% (1/3) 100% (1/1) 100% (1/1) N/A
Zone 2 injuries (n = 62)

Number of patients 57 3 1 1 0
Success rate (%) 91.9 4.8 1.6 1.6 0
Average sensory recovery time (months) 3.6 (SD:0.9) 5.0(SD:1.2) 5.5(SD: 1.3) 6.2 (SD: 1.6) N/A
Complication rate (%) 10% (6/62) 33% (1/3) 100% (1/1) 100% (1/1) N/A

N/A: Not Applicable.



Table 3. Outcome measures for Zone 1 and Zone 2 injuries.
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Table 4. Statistical analysis results of surgical repair techniques and outcomes.

Outcome measures Zone 1 injuries Zone 2 Injuries

Statistical comparison Zone 1 injuries Zone 2 injuries

(n=52) (n=62) (n=52) (n=62)
Static 2-Point Discrimination (s2PD) 5 mm (SD: 1 mm) 6 mm (SD: 1.5 mm) Direct repair versus Autograft p < 0.001 p <0.001
Moving 2-Point Discrimination 4 mm (SD: 0.8 mm) 5 mm (SD: 1.2 mm) Direct Repair versus Allograft p <0.001 p <0.001
(m2PD) Direct Repair versus Conduit p <0.001 p <0.001
Semmes-Weinstein 3.2(SD: 0.5) 3.5 (SD: 0.6) Autograft versus Allograft p=045 p=0.37
Monofilament Test (SWMF) Autograft versus Conduit p=0.38 p=0.42
Quality of Life (Scale 0-100) 85 (SD: 10) 80 (SD: 12) Allograft versus Conduit p =087 p=091
Patient Satisfaction (% Satisfied) 92% 88% Complication rate: direct repair p<0.05 p <0.05
versus others
Average sensory recovery time: p <0.001 p <0.001
its later amendments. Informed consent was obtained from each par-  direct repair versus others
Patient satisfaction: direct repair p <0.001 p <0.001

ticipant or their parents/legal guardians to ensure that the medical
records were used only after they had agreed in writing about it.
Throughout the course of research, confidentiality of patient information
was highly maintained and data coding was used to deidentify indi-
vidual patients.

Results

The information contained in Table 1 provides a basic understanding
of these patient populations by giving demographic and clinical
details about them. Most of the injured patients in Zone 1 were men,
representing 70% of the group, with an average age of 34.7 years.
These injuries were primarily caused by cuts in about 60% of cases,
and 40% of the injured were manual workers. Table 1 shows the
homogeneity among different groups at risk of digital nerve injury.
The Zone 2 injury group was slightly younger, with an average age of
31.9 years, and had a similar gender distribution and injury mecha-
nism as the Zone 1 injury group. However, there were some differ-
ences in occupation distribution and the time to treatment.

Direct repair was the most frequently performed surgical
technique and had the highest success rates in both Zone 1 (90.4%)
and Zone 2 (91.9%) injuries, as shown in Table 2. This method
demonstrated high efficiency, with the lowest complication rates,
which is consistent with its high success rates. Table 2 shows that
direct repair yields better outcomes in terms of success rate, sensory
recovery time, and complication rate compared to autograft, allograft,
or conduit techniques in digital nerve repair attempts.. Direct repair
is superior than all other methods having a markedly high success
rate. Figure 2 shows direct repair of a severed digital nerve during
surgery.

In total, injuries in Zone 1 generally achieved better objective
sensory recovery results, such as s2PD and m2PD than those seen in
injuries in Zone 2 (Result measures for injuries in Zone 1 & 2 injuries:
results presented in Table 3). This discrepancy may be related to
anatomical and physiological variations between the zones involved.
Quality of life scores were high in both zones, but slightly higher
among injuries in Zone 1, implying more favourable surgical results
noted here.

Table 5. Patient-reported outcome measures for Zone 1 and Zone 2 injuries.

versus Others

According to the results of the statistical analysis provided in
Table 4 (surgical repair techniques and results), there were statistically
significant differences between direct repair and other techniques
(p < 0.001). Autograft, allograft, and conduit were not statistically
different from each other (p > 0.05). The purpose of this statistical
analysis is to validate the trends observed in surgical outcomes, as
well as demonstrate the superiority of direct repair compared to
other methods.

Zone 2 had additional support from patient-reported outcome
measures (Table 5) that demonstrated clinical and objective
findings. A greater number of Zone 1 patients reported a significant
improvement in quality of life (81%) and high satisfaction with
treatment (88%). The patient descriptions supported the
improvements made by surgery but also revealed the need to
measure patient-specific aspects for evaluation purposes in terms
of healing success rates.

Taking into account all these findings, it is evident that there are
substantial differences in demographic characteristics, surgical
outcomes, and patient-reported measures of digital nerve injuries in
Zone 1 compared to Zone 2. The superiority of direct repair in both
zones implies that it would be the preferred surgical technique for
digital nerve injuries. This is because it has high success rates as well
as positive postoperative measures reported by patients.

Discussion

Following a retrospective study at the Harran University Hospital
Hand Surgery Clinic between 2021 and 2023, much has been learnt
about which surgical techniques work best for digital nerve injuries in
Zone 1 and Zone 2.The main objective of this study was to see which
zone repair resulted in better results. Although our findings show that
direct repair is overall more effective for both zones, it was not the
primary objective of this study to find out which zone uses direct
repair. But in line with our hypothesis that where digital nerve injury

Patient-reported outcome
measures

Zone 1 injuries (n =52)

Zone 2 injuries (n = 62)

Patient satisfaction (%)
(10%) > Not satisfied: 1 (2%)

Quality of life improvement
(4%)

Post-operative pain management

satisfaction

Return to daily activities

> Ineffective: 3 (5%)

months: 3 (6%)
Overall health perception

improvement Change: 3 (6%)

Highly satisfied: 46 (88%) > Moderately satisfied: 5
Significant: 42 (81%) > Moderate: 8 (15%) > None: 2
Highly effective: 44 (85%) > Effective: 5 (10%)

< 3 months: 36 (69%) > 3-6 months: 13 (25%) > 6

Improved greatly: 39 (75%) > Improved: 10 (19%) > No

Highly satisfied: 52 (84%) > Moderately satisfied: 7 (11%)
> Not satisfied: 3 (5%)
Significant: 47 (76%) > Moderate: 12 (19%) > None: 3 (5%)

Highly effective: 50 (81%) > Effective: 9 (14%) > Ineffective:
3 (5%)

< 3 months: 40 (65%) > 3-6 months: 19 (31%) > 6 months:
3 (4%)

Improved greatly: 44 (71%) > Improved: 15 (24%) > No
Change: 3 (5%)
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Type of Study: Retrospective cohort study

4

Setting: Hand Surgery Clinic of a hospital

B

Time Frame: Patients treated between January 2021 and December 2023

-

Population: Adults who suffered Zone 1 or Zone 2 digital nerve injuries

* Inclusion Criteria: Adult patients with documented Zone 1 or Zone 2 injuries who
received surgical treatment

* Exclusion Criteria: Patients under 18, those with polytrauma, previous surgeries on
the affected nerve, and incomplete medical records

+

Interventions: Direct nerve repair, nerve grafting (autografts/allografts), conduit repair,
and non-surgical treatment options were examined

{1

Outcome Measures: Objective measures of sensory recovery and patient-reported
outcomes post-surgery

+

Statistical Analysis: Data compared using Chi-square tests for categorical variables and
ANOVA or Mann-Whitney U test for continuous variables, with significance set at p<0.05

Figure 1. Study design.

occurs may have a significant effect on the success of surgery and
recovery, patients who receive repairs in Zone 1 are more likely to
have good results than those who get repairs in Zone 2.

In our study, it is interesting to note that the complication rates
varied significantly between the direct repair technique and other
techniques such as autograft, allograft, or conduit, with this variation
being more pronounced in Zone 1 compared to Zone 2. Although
direct repair remains being the most effective approach, there may
be higher inherent complexities with Zone 2 injuries that make it less
advantageous [13, 14]. With respect to direct repair still being the
most successful strategy, these are the circumstances in which it
occurs. These findings underscore the imperative need to modify
current methods or perhaps invent new ones to improve therapeutic
results [15, 16]. In line with these findings, a critical re-evaluation of
surgical approaches toward treating Zone 2 injuries should be done
because these results show a pressing need for inventing new strategies.

Our results align with several previous studies that have
documented the efficacy of direct repair in digital nerve injuries
[17]. On the contrary, according to the existing literature on similar
cases, nerve grafting appears to produce similar results like direct
repair [18]. However, some components of our findings challenge
those of the current body of knowledge. This difference may occur
due to \variation between participant populations, injury
characteristics, or even surgical expertise, which underscores the
complex nature of surgical decision-making in digital nerve repair.
This distinction demonstrates the significance of considering specific
circumstances and factors that may be present while applying a more
thoughtful approach to each particular case [19, 20].

There are several limitations related to our study due to its
retrospective nature. These limitations include the absence of

randomisation and bias from medical records review. Consequently,
these constraints could limit generalisability. Although there are
some restrictions, our research findings are highly significant for
those dealing with digital nerve injuries in terms of surgical
management. The fact that direct repair has been shown to be
superior lends credence to the fact that it is the method that is
preferred in clinical settings. However, various shades of grey have
been observed in Zone 2 injuries, leading to an indispensable need
for individualised treatment plans based on specific context such as
the peculiarities of the patient’s injuries and the uniqueness
associated with each case. Therefore, individualised approaches are
necessary for surgical interventions to be more effective and patient-
centred [21, 22]. This means that therapeutic outcomes will only work
as planned if optimised in this way.

Conclusion

In conclusion, more importantly, the comparison of this study
shows that repairs in Zone 1 are more successful than those in
Zone 2, thus revealing direct repair as a superior method for digital
nerve injuries. The difference is crucial because it suggests that surgi-
cal efficiency may depend on where the injury is. This means that
direct repair should be given priority over the two zones, although
surgeons will need to watch out for challenges related to Zone 2 inju-
ries and adjust their strategies accordingly to obtain the best patient
outcomes possible. Moving forward, it would be desirable for future
studies to be conducted on a prospective basis to avoid the chal-
lenges that are common with retrospective analyses and also look at
new surgical methods that could improve patient outcomes.
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Figure 2. Intraoperative images: Part A (Upper) showcases the meticulous process of direct nerve repair in Zone 1, while Part B (Below) depicts the equivalent

procedure undertaken in Zone 2.

Generalising our findings to other settings calls for more research,
showing the importance of multicentre trials to confirm our results in
different clinical contexts.
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