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ABSTRACT
Local anesthesia is an effective method to perform digital nerve blocks. In this study, we compare the
effectiveness of single-volar subcutaneous and double-dorsal injection through a systematic review
and meta-analysis of randomized controlled trials (RCTs). A systematic search of PubMed, Embase, and
the Cochrane Library from inception to 7 April 2021 was performed. RCTs with the effects of single-
volar subcutaneous and double-dorsal injection were eligible. Meta-analysis was performed using ran-
dom effect models with pooled standardized mean differences (SMDs) and 95% confidence intervals
(CI). RoB 2.0 and GRADE of Recommendation Assessment, Development, and Evaluation criteria were
applied for evaluating the bias. A total of 2484 studies were initially identified, with 11 eligible RCTs
finally included in the meta-analysis (1363 patients). The pooled data of nine studies showed single-
volar injection had a statistically significantly lower pain score (pooled SMD: 0.20, 95% CI, 0.01 to 0.39,
p¼ 0.041, I2¼ 58%, N¼ 1187) and higher patient preference but invalid anesthesia at the dorsal prox-
imal digit. No significant differences were observed in the onset of anesthesia, adjacent digit invalid
numbness, distal phalanx invalid anesthesia, additional injection rate, and adverse effects. In conclu-
sion, this meta-analysis of RCTs showed that the single-volar injection was associated with a lower
pain sensation during injection and higher patient satisfaction with a reduced anesthetic effect over
the proximal dorsal phalanx. Further high-quality RCTs with a higher number of cases are needed to
validate our results.

Abbreviations: RCT: randomized controlled trials; SMD: standardized mean differences; CI: confidence
intervals; WALANT: wide-awake local anesthesia no tourniquet; PRISMA: Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; RR: risk ratio; IENFD: intraepidermal nerve fiber density
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Introduction

In finger surgery, digital nerve blockade is frequently used as an
effective and safe technique to numb the fingers. For certain
types of hand operations, such as tendon repair, tenolysis, and
scar contracture release surgery, local anesthesia allows surgeons
to assess the active range of motion intraoperatively to confirm
that the tendon repair is solid and that there is no gap between
tendon stumps [1–4].

There were many ways to perform digital nerve blockade,
including transmetacarpal block with two dorsal punctures, dorsal
digital block, transthecal volar block, volar subcutaneous block,
circumferential subcutaneous ring block [5–14]. Lalonde also pro-
posed the concept of wide-awake local anesthesia no tourniquet
(WALANT) surgery, enabling surgeons to perform hand surgeries
more easily [2,3,15–22]. As the use of these new techniques has
expanded, so has the use of local anesthesia for finger operations.

From the literature review, the most commonly used digital
nerve blockades are double dorsal injection, single volar subcuta-
neous injection, and transthecal injection. A previous meta-ana-
lysis of these methods found that single volar subcutaneous
injections and double-dorsal injections were similar in injection
pain and produced less pain than transthecal injections [23]. We,
therefore, focus on the two better techniques. Our study aimed to
perform a meta-analysis of randomized controlled trials (RCTs) to
compare the effectiveness of single-volar subcutaneous and dou-
ble-dorsal injections for digital anesthesia in a broader range of
discussion in this essential field of local anesthesia for fin-
ger surgery.

Material and methods

This systematic review was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
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(PRISMA) guidelines and has been registered with PROSPERO
(CRD42021226004) [24].

Search strategy

A literature search of PubMed, Cochrane Collaboration Central
Register of Controlled Clinical Trials, Cochrane Systematic Reviews,
and Embase was performed from the date of inception until 7
April 2021. We also manually searched the reference lists of the
included studies. The search terms of each database are detailed
in Appendix.

Screening and inclusion criteria

Three reviewers (CHL, MHL, and RWH) independently identified
eligible studies. The titles and abstracts of all studies were care-
fully screened if they met our inclusion criteria. There were no
restrictions on age or language. Only RCTs relevant to volar or
dorsal local injections for the digital block were retrieved.
Transthecal injections, prospective nonrandomized studies, review
articles, retrospective studies, case series, case reports, commenta-
ries, conference abstracts, and trail registrations were excluded.
All retrieved studies were required to report at least two local
injection methods including double-dorsal or single-volar subcuta-
neous injections for digital nerve block. The target population
comprised patients who received digital local anesthesia, either
performed as a single volunteer or surgical procedure for finger
injuries. When encountering duplicate publications or patient
groups, only the most recent study with more complete patient
data was included.

Data extraction and quality assessment

After reviewing the full texts of the identified studies, three inde-
pendent authors (CHL, MHL, and RWH) performed data extraction
and cross-checked the eligible studies. Discrepancies in article
selection and data extraction were resolved by the discussion of
all three reviewers. The extracted variables included authors’
names, year of publication, study design, patients’ demographics
(age, gender) mean follow-up period, injection medication, needle
size, etiology and location of local anesthesia, outcome parame-
ters (injection pain score, onset of anesthesia, duration of anesthe-
sia, anesthetic failure rate and complications). We requested any
missing data from the corresponding authors by email. The qual-
ity of the included studies was assessed using version 2 of the
Cochrane risk-of-bias tool (RoB 2.0) [25]. Publication bias was
assessed using funnel plots.

Statistical analysis

Outcome measurements including injection pain score, the onset
of anesthesia, adjacent digit invalid numbness, dorsal proximal
digit invalid anesthesia, distal phalanx invalid anesthesia, add-
itional injection rate, patient preference, and adverse effects were
extracted to evaluate discomfort during injections at different
locations. Studies that reported means and standard deviations of
the outcome measurements were included for further meta-ana-
lysis. Meta-analysis was performed using random effect models
with pooled standardized mean differences (SMDs) and 95% con-
fidence intervals (CI). Review Manager (RevMan, Version 5.3,
Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014) and RStudio (RStudio Team (2020), RStudio:
Integrated Development for R. RStudio, PBC, Boston, MA, USA)

were used for statistical analysis, and p-values < 0.05 were
regarded to be statistically significant. The I2 test was used to
determine between-trial heterogeneity. Random effects models
were used to calculate pooled estimates of mean differences to
take potential inter-study heterogeneity into consideration.

Overall evidence assessment

GRADE (Grades of Recommendation Assessment, Development
and Evaluation) criteria were applied by two independent
reviewers (CH LEE and RW Huang) to summarize the quality of
evidence for single-volar subcutaneous and double-dorsal injec-
tions. All data were considered to be high-quality evidence ini-
tially, however, this could be lowered according to the risk of
bias, imprecision, inconsistency, indirectness, or publication
bias [26].

Results

Literature search and selection

A total of 2474 records were retrieved (1611 from PubMed, 1703
from Embase, and 199 from the Cochrane Library), and 13 add-
itional records were identified through other sources. A total of
2382 studies were excluded due to duplication, irrelevant titles,
and contents. The full texts of the remaining 92 studies were
assessed for eligibility, of which 11 were included for meta-ana-
lysis [23,27–35]. Figure 1 shows the PRISMA diagram of the selec-
tion process. The outcomes and the characteristics of the eligible
articles are shown in Table 1.

Study characteristics

The 11 eligible studies were published from 2006 through 2021
and included a total of 1363 patients (Table 1) who received local
anesthesia with either a single-volar subcutaneous (N¼ 687) or
double-dorsal (N¼ 676) injection for digital anesthesia. The main
indications for injections were repair or surgery for injured fingers,
except for two studies that compared injections in the same indi-
vidual [27,28]. The reported drop-out rate ranged from 0%
to 30%.

Injection methods

Volar approach
The volar injection approach mostly followed Harbison’s protocol.
Local anesthetic was injected into the palmar subcutaneous tissue
above the flexor tendon sheath at the level of the A1 pulley or
palmar crease [12]. Lidocaine (1–2%), MepivacainVR (1%), or bupi-
vacaine (0.5%) were injected using a 23–30-G needle. The injec-
tion was performed subcutaneously just deep to the skin at
2–4mm depth with 1.8–3mL per injection.

Dorsal approach
The traditional double-dorsal approach mostly followed Harris and
Braun’s protocol, first reported in 1924 [14]. Local anesthesia was
injected into the base of the dorsal proximal phalanx, with two
injections on each side of the finger 1 cm proximal to the meta-
carpophalangeal joint with the tip of the needle aimed toward
the palmar skin at the level of the A1 pulley. A comparison of the
two approaches is shown in Figure 2.
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Outcomes

Pooled mean injection pain score
Pooled data of nine studies showed a tendency of a lower pain
score with a single-volar injection though with statistical signifi-
cance and moderate heterogeneity across studies under a ran-
dom-effects model (SMD: 0.20; 95% CI 0.01–0.39; p¼ 0.041;
heterogeneity, I2 ¼ 58%) (Figure 3(A)).

Pooled time to onset of anesthesia
Pooled data of four studies showed no significant difference in the
onset of anesthesia (three studies used 2% lidocaine and one used
1% lidocaine) between double-dorsal and single-volar injections with
high heterogeneity across studies under random-effects model (differ-
ence in meantime of onset [intervention – control] was 31.58 s; 95%
CI �16.51–79.68; p¼ 0.198; heterogeneity, I2¼99%) (Figure 3(B)).

Pooled adjacent digit invalid numbness
Pooled data of two studies showed no significant difference in
the risk ratio (RR) of adjacent digit invalid numbness with a

single-volar injection compared to a double-dorsal injection with
high heterogeneity across studies under a random effects model
(RR: 0.25; 95% CI 0.02–3.18; p¼ 0.283; heterogeneity, I2¼94%)
(Figure 3(C)).

Pooled dorsal proximal digit invalid anesthesia
Pooled data of three studies showed a significantly higher RR of
invalid anesthesia in the dorsal proximal digit with a single-volar
injection compared to a double-dorsal injection with moderate het-
erogeneity across studies under a random-effects model (RR: 0.18;
95% CI 0.06–0.53; p¼ 0.002; heterogeneity, I2¼64%) (Figure 3(D)).

Pooled distal phalanx invalid anesthesia with subgroup analysis
Pooled data of seven studies showed an overall higher RR in dis-
tal phalanx invalid anesthesia at a combined time point with a
single-volar injection compared to a double-dorsal injection with
low heterogeneity across studies under a random-effects model
(RR: 1.46; 95% CI 1.09–1.96; p¼ 0.012; heterogeneity, I2 ¼ 0%). In
subgroup analysis on 5min after injection, four pooled studies
showed a significantly higher RR in distal phalanx invalid

Figure 1. PRISMA diagram. The flowchart of the literature search and the process of study selection according to the PRISMA guidelines. N indicates number
of studies.
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anesthesia with a double-dorsal injection across studies under a
random-effects model (RR: 1.55; 95% CI 1.09–2.20; p¼ 0.014; het-
erogeneity, I2 ¼ 0%). In subgroup analysis on 10min after injec-
tion, three pooled studies showed no difference in the RR for
distal phalanx invalid anesthesia between the two groups across
studies under a random-effects model (RR: 1.19; 95% CI 0.67–2.11;
p¼ 0.55; heterogeneity, I2 ¼ 0%). In subgroup analysis on 30min
after injection (only reported in one study), no significant differ-
ence was noted in the RR for distal phalanx invalid anesthesia
(RR: 5.00; 95% CI 0.25–99.43; p¼ 0.291) (Figure 3(E)).

Pooled additional injection rate
Pooled data of four studies showed no significant difference in RR
for distal phalanx invalid anesthesia with the need for additional
injections with moderate heterogeneity across studies under a

random-effects model (RR: 1.44; 95% CI 0.40–5.21; p¼ 0.578; het-
erogeneity, I2 ¼ 56%) (Figure 3(F)).

Pooled patient preference
Pooled data of three studies showed a higher odds ratio in
patient preference for a single-volar injection with high hetero-
geneity across studies under a random-effects model (odds ratio:
0.25; 95% CI 0.08–0.81; p¼ 0.021; heterogeneity, I2¼79%)
(Figure 3(G)).

Pooled adverse effects
Pooled data of seven studies showed no significant difference in
RR with regards to adverse effects between double-dorsal and sin-
gle-volar injections with low heterogeneity across studies under a
random-effects model (RR: 1.01; 95% CI 0.40–2.53; p¼ 0.578; het-
erogeneity, I2 ¼ 0%) (Figure 3(H)).

Figure 2. Comparison between volar and dorsal injections of digital block from the included studies. (A) Location of a volar injection for digital local anesthesia.
(B) Location of a dorsal injection for digital local anesthesia.
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Figure 3. Forest plots of the primary outcomes. (A) Forest plot of the included studies comparing pain score during injection between volar and dorsal injections for
digital anesthesia using a random effects model. (B) Forest plot of the included studies comparing time to onset of local anesthesia between volar and dorsal injec-
tions for digital anesthesia using a random effects model. (C) Forest plot of the included studies comparing adjacent digit invalid numbness between volar and dorsal
injections for digital anesthesia using a random effects model. (D) Forest plot of the included studies comparing dorsal proximal digit invalid anesthesia with subgroup
analysis of different time points between volar and dorsal injections for digital anesthesia using a random effects model. (E) Forest plot of the included studies com-
paring distal phalanx invalid anesthesia between volar and dorsal injections for digital anesthesia using a random effects model. (F) Forest plot of the included studies
comparing additional injection rate between volar and dorsal injections for digital anesthesia using a random effects model. (G) Forest plot of the included studies
comparing patient preference between volar and dorsal injections for digital anesthesia using a random effects model. (H) Forest plot of the included studies compar-
ing adverse effects between volar and dorsal injections for digital anesthesia using a random effects model.
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Figure 3. Continued
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Study quality assessment
The quality of the included RCTs was assessed using the
Cochrane risk-of-bias tool (RoB 2.0) [25]. The risk of bias of the
studies is shown in Figure 4, with publication bias assessed using
funnel plots as shown in Figure 5.

GRADE of evidence
The overall rating of certainty for both methods of local anesthe-
sia was moderate, mainly due to concerns regarding the
Inconsistency with some heterogeneity (Table 2).

Discussion

This systematic review and meta-analysis of 11 RCTs compared the
effects of double-dorsal and single-volar subcutaneous injections, two
local anesthesia techniques in hand surgery. Previous studies have
shown that volar subcutaneous and classic double-dorsal injections
are better than a transthecal approach with regard to injection pain

[23,36]. However, no recent large-scale studies have compared double
dorsal and single-volar subcutaneous injections. Moreover, previous
studies have been limited by small pooled sample sizes, relatively nar-
row inclusion criteria, and possible imprecise data extraction.

The classic double-dorsal injection, first proposed by Braun
and Harris [14], involves an injection on each side of the digit,
and it has been used for a long time. In this review, the general
approach was to inject 1-3ml of local anesthesia into the base of
the proximal phalanx on each side of the finger from the dorsal
side. The reason for injecting the dorsal skin of the finger is
because volar skin is considered to be more sensitive than dorsal
skin [37]. The pooled meta-analysis of the 9 RCTs in the present
study showed a statistically significantly higher painful sensation
with a dorsal injection (p¼ 0.041), which contrasts with the previ-
ous hypothesis. The reason may result from two puncture sites of
the double-dorsal injection and the more extended pathway from
dorsal injection than the volar injection. The other method to
evaluate the pain sensation of the skin is by assessing the

Figure 3. Continued

Figure 4. Risk-of-bias assessment. Risk-of-bias summary: Authors’ regarding each risk-of-bias item for the included studies.
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intraepidermal nerve fiber density (IENFD). The previous study
showed that IENFD is higher in hairy skin than glabrous skin at
the wrist level, but no study evaluated at the palm level yet [38].
Also, the other study found that the fingertip skin has more than
twice the nerve fiber density in the papillary dermis than the
volar skin of the palm [39]. These results may explain that volar
injection has less pain than dorsal skin at the palm level, but fur-
ther anatomical and histological studies were needed to verify it.

There are several approaches for volar local anesthesia. Chiu
used one volar injection into the flexor tendon sheath, which
acted as a delivery conduit of the local anesthetic to the digit
[12]. Then, Harbison proposed a single-volar subcutaneous injec-
tion of local anesthetic into the palmar subcutaneous tissue
above the flexor tendon sheath at the level of the first annular
pulley [13]. In our systematic review, volar subcutaneous block
was performed by subcutaneously injecting 2-3ml of local anes-
thesia into the proximal flexion crease of the finger, the metacar-
pophalangeal joint, or the A1 pulley. Our results showed no
statistically significant differences between the volar and dorsal
approaches regarding onset time, adverse effects, and the need
for additional injections. However, we found that the volar sub-
cutaneous block failed to numb the dorsal side of the proximal
phalanx compared to the dorsal block. The reason may result
from the dorsal surface of the proximal fingers being mainly
innervated by the superficial branch of the radial nerve and the
dorsal cutaneous branch of the ulnar nerve [40,41], and volar sub-
cutaneous injections may not numb these nerves. Therefore,
when surgery is performed on the dorsal side of the proximal fin-
gers, it is better to check before surgery whether or not the surgi-
cal area is numb. In addition, WALANT surgery can be performed
using a volar cutaneous injection first and then waiting for at
least 45 s before gradually injecting the local anesthesia from the

first injection site to the dorsal skin area [37]. Using this method,
the patient will feel pain from the first injection without fur-
ther discomfort.

Besides the technique, many other factors can affect the sub-
jective pain sensation when performing local anesthesia, including
buffering the local anesthetic with sodium bicarbonate, warming
the local anesthetic, using a small diameter needle, distraction,
inserting the needle perpendicular to the skin, injecting very
slowly, using a blunt-tipped cannula for rapid painless local anes-
thesia injection, and so on [21,37,42]. For the duration of the
effect of local anesthetic, there is some adjuvant pharmaceutics
that can prolong the duration, like dexmedetomidine, dexametha-
sone, clonidine, sodium bicarbonate, and Epinephrine [42–44]. All
these methods and adjuvant pharmaceutics can help us to do
better local anesthesia.

In this study, we excluded a study by Yin published in 2005,
entitled “Single-injection digital block versus traditional digital
block for local anesthesia in digital injury patients: A randomized
controlled trial” due to an overlapping patient population with a
more recent study also conducted by Yin which we did include
for analysis [41]. In addition, the latest systematic review and
meta-analysis published by Ito compared traditional two-injec-
tion dorsal digital block versus transthecal and subcutaneous
single-injection digital block showed that three methods were
equally effective [36]. However, Ito’s study did not include three
studies [30,33,35], and so it may not reflect adequate data
for analysis.

Although our study provides the latest evidence regarding
comparisons of the effect between single-volar subcutaneous and
double-dorsal finger injections with local anesthesia for the digital
block by a meta-analysis of RCTs. However, several limitations
should be noted:

Figure 5. Contour-enhanced funnel plot. Funnel plot assessing publication bias of the included studies reporting the effect of single-volar subcutaneous and double-
dorsal finger injections for digital block.
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1. The detailed procedure of the injection technique varied
between studies. The needle size, the speed, path, and angle
of injection, the temperature of medication, and different sol-
utions for local anesthesia were heterogeneous or less men-
tioned. Among these studies, two studies (Cannon, 2010 and
Schelhorn, 2016) used different kinds of local anesthesia
(Bupivacaine and Mepivacaine) except lidocaine. These two
local anesthesia agents have the different onset time and
duration and may affect the outcome analysis. However, for
each single study, the local anesthesia is the same between
the single volar and double dorsal injection groups. The out-
come measurement between these two groups still
is reliable.

2. The patient sources varied among the studies, including vol-
unteers, patients presented to the emergency department,
and patients who received an operation in the operation the-
ater. The different situations and places may affect the
patients’ subjective perception, resulting in possible bias. In
addition, the different trauma types related to nerve injuries
may also contribute to potential bias in the outcome meas-
urement, such as adjacent digit invalid numbness, dorsal
proximal digit invalid anesthesia, distal phalanx
invalid anesthesia.

3. There was still some missing data, which hindered further
interpretation.

4. Two studies compared different techniques in the same indi-
vidual, resulting in possible bias since pain and satisfaction
are subjective.

5. The injection itself cannot be double-blinded to avoid per-
formance bias.

Further RCTs with more patients, blinded and objective meas-
urements to decrease the possible bias are needed to verify
our findings.

Conclusions

In this meta-analysis of RCTs, a volar injection was shown to be
significantly less painful with higher patient satisfaction. A volar
injection had a more negligible anesthetic effect over the dorsal
side of the proximal finger. Both single-volar subcutaneous and
double-dorsal injections provided similar onset time, adverse
effects, and reinjection rate. However, high-quality RCTs with
more cases are needed to verify our findings.
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Appendix

MEDLINE/EMBASE/COCHRANE
(anesthe� OR anaesthe� OR analges� OR inject� OR block OR
SIMPLE block OR SIMPLE technique OR SIMPLE injection) AND
(palmar OR volar OR dorsal) AND (finger OR digit� OR thumb OR
pollex OR dactyl)
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