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Background: Nerve transfer procedures are performed in patients with proximal
nerve injuries to optimize their potential for functional recovery. The study aimed
to determine the preferred surgical technique and tool used by peripheral nerve
surgeons to transect nerves in nerve transfers.

Methods: All current members of the American Society of Peripheral Nerve were
invited to complete a cross-sectional 10-question survey. Data on practice demo-
graphics, nerve-cutting instruments/techniques used, and their belief on whether
this impacted patient outcomes were collected.

Results: A total of 49 American Society of Peripheral Nerve members participated
in the study, the majority of whom were over 10 years into practice (n = 30/49;
61%). The most common response was a scalpel blade (n =26/49; 53%), with the
remaining 47% using iris scissors, micro-serrated scissors, a razor blade, specialized
nerve microscissors, or a specialized nerve-cutting device. The number of years in
practice (P=0.0271) and the percentage of practice that involves treating patients
with peripheral nerve injuries (P=0.0054) is significantly associated with the belief
that crushing the donor nerves during transection may result in worse outcomes
following nerve transfer. Only the latter is significantly associated with this belief in
recipient nerves (P=0.0214).

Conclusions: Our findings demonstrate that peripheral nerve surgeons believe
that the technique used to transect nerves before coaptation influences outcomes
after nerve transfer. Further ex vivo studies are necessary to investigate how differ-
ent cutting techniques influence nerve morphology and scarring at the coapta-
tion site to optimize outcomes after peripheral nerve surgery. (Plast Reconstr Surg
Glob Open 2024; 12:¢6162; doi: 10.1097/GOX.0000000000006162; Published online 13
September 2024.)

Restoring premorbid function after peripheral nerve
injury remains challenging, and many patients are left with
incomplete motor recovery and permanent disability.'”
Various factors may contribute to poor outcomes after
nerve injury, including the slow rate of nerve regeneration
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and distance from the injury site to the denervated tar-
get muscle.’ To overcome the challenge of long regenera-
tion distances, nerve transfers are performed.'”™ In a
nerve transfer, a healthy, expendable donor nerve is cut
and repaired end-to-end to the recipient nerve, thereby
bringing regenerating axons closer to the target muscle.
Recovery is dependent on successful nerve regeneration
across the coaptation site. Following reinnervation of the
target muscle, patients recover function by learning to
recruit the reinnervated muscle.

The quality of the nerve repair is dependent on both
the skill and experience of the operating surgeon, with a
high-quality repair yielding the best patient outcomes."
However, although a meticulous nerve repair limits axonal
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escape and is acknowledged to improve recovery, little is
known regarding how best to prepare the recipient and
donor nerve for transfer, including the optimal technique
for cutting the nerve. Scarring at the site of nerve tran-
section and repair can limit axon regeneration across the
coaptation site."" As such, proper surgical preparation of
the donor and recipient nerve ends is necessary to ensure
that the coapted nerve ends are free of scar tissue and neu-
roma, which can impede nerve regeneration. Performing
a “clean cut” of the nerve to visualize the fascicles and cre-
ate matching flat surfaces is generally accepted to maxi-
mize nerve regrowth across the coaptation. Currently,
there exists no research to inform surgeons as to what the
best technique is to cut the nerve.'*"” Thus, it is impor-
tant to investigate these surgical variables to optimize
outcomes.

The objective of this study was to determine the opin-
ions of nerve surgeons regarding the importance of nerve
preparation and transection before transfer, and to estab-
lish the diversity of techniques used by surgeons to per-
form nerve transection currently.

This is a cross-sectional survey of the American Society
of Peripheral Nerve (ASPN) members. This study was
approved by the institutional research ethics board at
Sunnybrook Health Sciences Center at University of
Toronto.

ASPN members were invited to participate in a
study designed to understand the importance of the of
nerve preparation and transection before nerve trans-
fer. Members who were not actively practicing surgeons
or who did not perform peripheral nerve transfers were
excluded. Members were sent an initial email invitation to
complete an online de-identified survey, and two follow-
up reminder emails were sent. The survey link was embed-
ded in the email.

The survey consisted of 10 questions that included
demographic data: years in practice, percentage of their
practice that involves treating nerve injuries, and the
average number of nerve transfer procedures performed
per month. (See survey, Supplemental Digital Content
1, which displays the survey questions. http://links.lww.
com/PRSGO/D498.) Respondents were asked to rank
(on a 10-point Likert scale) how much importance they
place on the quality of nerve transection, and the instru-
ment and technique they use to transect nerves before
nerve transfer. These data were collected using Google
Forms and transferred to a prepopulated Excel spread-
sheet, including reference pictures for the instruments.
(See figure, Supplemental Digital Content 2, which dis-
plays the surgical instruments. http://links.lww.com/
PRSGO/D499.)

Data were analyzed with SAS Software. Categorical
variables were described using frequencies and percent-
ages. Variables collected via a numerical rating scale
were reported as medians and interquartile ranges.
Associations between categorical data were analyzed
using Fisher exact test. Statistical significance was set a
Pvalue less than < 0.05.

Of the 350 ASPN members who were invited to par-
ticipate, there were 51 respondents (response rate 15%).
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Question: What is the optimal technique for cutting
peripheral nerves in nerve transfer surgery?

Findings: A survey of peripheral nerve surgeons demon-
strated that a majority (53%) use a scalpel blade. The
number of years in practice and the percentage of prac-
tice that involves treating patients with peripheral nerve
injuries is significantly associated with the belief that
crushing the donor nerves during transection may result
in worse outcomes following nerve transfer.

Meaning: Peripheral nerve surgeons believe that the tech-
nique used to transect nerves before coaptation influ-
ences outcomes after nerve transfer.

However, respondents were excluded from data analysis if
they did not perform nerve transfers (n = 2). The remain-
ing 49 study respondents were eligible for inclusion in this
study.

Study respondents represented a broad range of expe-
rience, with the majority being over 10 years into practice
(n=30 of 49; 61%). Respondents varied in the percent-
age of their practice that involves treating nerve injuries.
The majority of surgeons reported that managing nerve
injuries comprised less than 50% of their practice (n =35
of 49; 71%), most of whom commonly performed one to
two nerve transfers per month (n =21 of 49; 43%). Please
refer to Table 1 for further details.

The majority of respondents reported agreeing with
the belief that crushing the donor (n =35 of 49; 71%;)
and recipient nerves (n =40 of 49; 82%) during transec-
tion results in worse patient outcomes. Many believe that
certain surgical instruments do limit nerve damage dur-
ing transection (n =41 of 49; 84%). On a scale of 1-10 (1
= no influence, 10 = high influence), respondents rated
that the quality of nerve transection influences nerve
regeneration and outcomes following nerve transfer as 8
of 10 (median, 8; interquartile range, 4). The most com-
mon instrument used to cut nerves was a scalpel blade
(n =26 of 49; 53%), followed by specialized nerve micro-
scissors (n=9 of 49; 19%), a specialized nerve cutting

Table 1. Demographic Characteristics of Study Respondents

Category Frequency Percentage
Years in practice
0-5y 15 30%
6-10y 4 8%
1120y 16 32%
20+y 14 29%
Percentage of practice involving treatment of nerve injuries
10-20% 16 33%
30-40% 19 39%
250% 14 28%
No. nerve transfers performed per month (on average)
<1 17 35%
1-2 21 43%
3-10 10 20%
>10 1 2%
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Fig. 1. Instruments and techniques used to cut nerves.

device (n =7 of 49; 14%), microserrated scissors (n =4 of
49; 8%), iris scissors (n =2 of 49; 4%), and a razor blade
(n=1 of 49; 2%; Fig. 1). Among those who used a special-
ized nerve-cutting device, this included a neurotome, an
assi nerve set, a guillotine-type device, and a micro blade.

Both the number of years in practice (P=0.0271) and
the respondent’s percentage of practice that involves treat-
ing patients with peripheral nerve injuries (P = 0.0054)
were significantly associated with the belief that crushing
the donor nerves during transection may result in worse
outcomes following nerve transfer. Only the latter was sig-
nificantly associated with this belief in recipient nerves (P
=0.0214). There was no significant association between the
average number of nerve transfer procedures per month
with either belief (donor, P=0.0594; recipient, P=0.0774).

There was no significant association between the num-
ber of years in practice (P=0.0695) or average number of
nerve transfer procedures per month (P=0.1090) with the
belief that certain surgical instruments do limit nerve dam-
age during transection. However, there was a significant
association between the respondent’s percentage of prac-
tice that involves treating patients with peripheral nerve
injuries and the belief that certain surgical instruments do
limit nerve damage during transection (P=0.0331).

Our study demonstrates that, amongst a group of sur-
geons with expertise in peripheral nerve surgery, the current
belief is that nerve preparation and transection does influ-
ence patient outcomes following nerve transfers. Further,
there is a significant association between the respondent’s
percentage of practice that involves treating patients with
peripheral nerve injuries and the aforementioned belief as
well as the belief that certain surgical instruments do limit
nerve damage during transection. In highlighting the het-
erogeneity in the instruments and techniques used to pre-
pare nerve ends before coaptation, we have identified the
need for establishing best practice guidelines.

Nerve repair with nerve transfer includes four important
steps: preparation of the proximal and distal nerve ends,
approximation, coaptation, and maintenance. This article
focuses on the first of those four steps, with the goal of
nerve preparation being limiting trauma to nerve endings
during transection to limit scar tissue formation at the coap-
tation site. Although scar formation is necessary for repair
following tissue injury, excessive scarring of the perineu-
rium and endoneurium can impede axon regeneration'
and diminish nerve microcirculation, causing ischemia and
secondary axon degeneration.” Limiting perineurial scar
tissue facilitates an appropriate environment for the donor
nerve axons to first regenerate across the nerve coaptation
site and then regenerate through the recipient endoneurial
tubules toward the target end-organ.'®

The heterogeneity in our results in nerve-cutting tech-
niques is in keeping with the literature."*" Many respon-
dents use a scalpel (53%), with the remaining 47% using
iris scissors, micro-serrated scissors, a razor blade, special-
ized nerve microscissors, or a specialized nerve-cutting
device. The utility of nerve-specific cutting devices may be
limited by cost, and without sufficient evidence to support
the use of a nerve-specific cutting device, the cost may not
be justified at many centers. Studies comparing the use of
different instruments and techniques for the preparation
of nerve endings is sparse.” The most effective method
is still a subject of debate, with some advocating use of a
scalpel and others use of microvascular scissors.”'~**

Presently the ability of the surgeon to limit and assess
damage to the nerve at the transection site is limited.
Jernigan et al*” investigated the impact of several nerve
transection devices on the macroscopic quality. They
dissected median nerves in a cadadveric model and
excised l-cm-long segments using either a 15-blade scal-
pel, microvascular scissors, tenotomy scissors, iris scis-
sors, or a circumferential nerve-cutting guide.”” Axial and
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sagittal photographs of each nerve segment were grouped
together on a single digital file and presented to a panel
of three hand fellowship—trained surgeons who were
blinded to the instrument.”” The panel evaluated each
photograph, with “yes” indicating an acceptable cut and
“no” indicating an unacceptable cut.*” Compared with all
other instruments, the majority of surgeons agreed that
the specialized nerve-cutting device (the circumferen-
tial nerve-cutting guide) produced the most acceptable
cuts.” Although these results may help guide surgeons, it
remains unknown whether the macroscopic appearance
of the nerve is correlated with perineurial and endoneu-
rial scarring.

Rose et al* investigated the microscopic appearance
of the nerve ends following different methods of nerve
transection in a cadaveric model of median and ulnar
nerve transection. They likewise excised 1-2cm of each
nerve using either an 11-blade scalpel, a razor blade, or
a pair of scissors.”* Using electron microscopy, a three-
dimensional surface analysis of roughness was performed
for each specimen using ZeeScan optical hardware and
GetPhase software.”* Statistical analyses comparing the
roughness measures amongst cutting techniques revealed
that 11-blade scalpels and the iris scissors produced the
smoothest nerve preparations; razor blades resulted in
inconsistent nerve ends.?* Although nerve appearance was
used as a surrogate for transection quality in both studies,
it remains unknown whether this impacts nerve regenera-
tion in vivo. What likely remains most important for axon
regeneration is the maintenance of the architecture of the
endoneurial tubules and scarring after transection, which
has yet to be investigated directly. For instance, a smooth
cut that may crush the endoneurial tubules and result in
significant scarring may be less effective than a less smooth
cut that leaves the endoneurial tubules less damaged.

The damaging effects of using microsurgical scissors
and razor blades have been described in other studies as
well. Behrman and Acland” noted that the cutting action
of scissors resulted in damage to both the perineurium
and axon orientation within the endoneurium. Archibald
and Fisher et al. also described the damaging effects of
using microsurgical scissors and razor blades.”® Although
Rose et al** found iris scissors were equal to scalpel blades
at producing the smoothest nerve preparations, Archibald
and Fisher” observed that the use of a razor or microsurgi-
cal scissors resulted in an uneven section of the nerve tis-
sue and distortion of the internal and external structure of
the fasciculus due to crushing and shearing actions.

Rummings et al’” compared the incidence of neuroma
formation following transection of rat sciatic nerves via: a
15-blade scalpel with a tongue depressor, micro-serrated
scissors, nerve-cutting guide forceps with a straight razor,
and bipolar cauterization. Despite the most visual dam-
age and disorganization found in the No. 15 scalpel blade
group, there were no significant differences in the caliber
or incidence of neuroma formation between the groups.””
Although these results demonstrate that the subjective
appearance of the nerve after transection is not influ-
enced by technique, it remains unknown whether the
macroscopic appearance of the nerve correlates with the

4

PRS Global Open - 2024

microfascicular architecture of the nerve, which is most
likely to impact axon regeneration.

Our results demonstrate that the only practice variable
that is significantly associated with the belief that crushing
the donor and recipient nerves leads to worse patient out-
comes and that certain surgical instruments limit damage
during nerve transection is the respondent’s percentage
of practice that involves treating patients with peripheral
nerve injuries. Although length of nerve practice and
number of nerve procedures performed are also surro-
gates of peripheral nerve surgery experience, the percent-
age of practice may better represent a surgeons focus on
nerve surgery and potentially their understanding. This
finding highlights the necessity for further investigation
to establish best practice guidelines for peripheral nerve
surgery.

There are several limitations to our study. Although the
response rate was 15%, the ASPN membership includes
practicing surgeons, retired emeritus members, trainees,
as well as a large number of basic scientists that do not
practice clinically. The percentage of members who are
not practicing surgeons is unknown, and it is therefore
important to note that our response rate of 15% likely
represents a much higher percentage of practicing sur-
geons within the ASPN. Our sample size of 49 respon-
dents, although small, was sufficient to capture a diversity
of nerve preparation techniques and establish that con-
troversy exists regarding the preparation of recipient and
donor nerve ends before nerve transfer. Of note, a third
of the survey population comprised of surgeons who have
recently completed their training. These individuals may
still be predominantly influenced by the practices of their
training mentors and might not have had sufficient time in
independent practice to develop their own opinions and
preferences. This underscores the possibility that their
survey responses may not entirely represent their per-
sonal views, but rather the techniques they were trained
in. Our survey study is also subject to volunteer bias,
where respondents may feel strongly about the topic in
comparison to those who did not participate in the study.
As such the study results may not be representative of all
nerve surgeons. Moreover, practices may be influenced by
practical considerations, such as convenience, which can
impact the interpretation of results regarding tool prefer-
ence. For example, opting for scissors over a blade may
not imply a belief in the superiority of scissors, but rather
a recognition that various methods can yield comparable
results, with scissors being a quicker and more straightfor-
ward choice. Conversely, respondents might favor a blade
due to a scarcity of sharp scissors, yet still maintain that
a sharp pair of scissors would be equally effective. Lastly,
we did not explore the morphological implications of the
surgical instruments used for nerve transection and coap-
tation with laboratory investigation. Rather, the purpose
of our study was to establish the prevalent practice pat-
terns of nerve surgeons within the ASPN and establish the
clinical equipoise necessary to justify further investigation.
Future studies will seek to examine the effects of various
surgical instruments by comparing the structure of endo-
neurial tubes of the nerve end before surgical transfer.
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Expert opinion from our study demonstrated that the
majority of respondents felt that the nerve-cutting tech-
nique influences nerve regeneration after coaptation for
nerve transfer. Presently, surgeons use a variety of instru-
ments to prepare nerve ends before coaptation. This
study identified the technique most commonly used by
nerve surgeons to be a scalpel blade. Although this study
focused on the clinical paradigm of nerve transfers, these
results are equally applicable to the much larger number
of surgeons who perform nerve coaptations for repair fol-
lowing traumatic injury. Future studies will seek to investi-
gate the microstructure of endoneurial tubules following
different cutting techniques, and to determine whether
cutting techniques impact nerve regeneration in animal
models. These studies can provide the necessary evidence
to guide decisions made daily in operating rooms that may
impact outcomes after nerve surgery.

Jana Dengler, MD, MASc, MHSc

Tory Trauma Program, Sunnybrook Health Sciences Centre
University of Toronto

M1-500, 2075 Bayview Ave

Toronto, ON M4N 3M5

Canada

E-mail: jana.dengler@mail.utoronto.ca

Instagram: @nervesurgeon

The authors have no financial interest to declare in relation to
the content of this article.

1. Ray WZ, Kasukurthi R, Yee A, et al. Functional recovery following
an end to side neurorrhaphy of the accessory nerve to the supra-
scapular nerve: case report. Hand (N'Y). 2010;5:313-317.

2. Boyd KU, Nimigan AS, Mackinnon SE. Nerve reconstruction in
the hand and upper extremity. Clin Plast Surg. 2011;38:643-660.

3. Hsiao EC, Fox IK, Tung TH, et al. Motor nerve transfers to
restore extrinsic median nerve function: case report. Hand (N'Y).
2009;4:92-97.

4. Chemnitz A, Bjérkman A, Dahlin LB, et al. Functional outcome
thirty years after median and ulnar nerve repair in childhood
and adolescence. JBJS. 2013;95:329-337.

5. Millesi H. Factors affecting the outcome of peripheral nerve sur-
gery. Microsurgery. 2006;26:295-302.

6. Ruijs AC, Jaquet JB, Kalmijn S, et al. Median and ulnar nerve
injuries: a meta-analysis of predictors of motor and sensory
recovery after modern microsurgical nerve repair. Plast Reconstr
Surg. 2005;116:484-94; discussion 495.

7. Xiao G, Lao J, Wang T, et al. Intercostal nerve transfer to neuro-
tize the musculocutaneous nerve after traumatic brachial plexus
avulsion: a comparison of two, three, and four nerve transfers. J
Reconstr Microsurg. 2014;30:297-304.

Peripheral Nerve Cutting Techniques

10.
11.

12.

13.

14.
15.

16.
17.

18.
19.

20.

21.

22.

23.

24.
25.
26.

27.

. Brunelli

. Rodriguez A, Chuang DC, Chen KT, et al. Comparative study of

single-, double-, and triple-nerve transfer to a common target:
experimental study of rat brachial plexus. Plast Reconstr Surg.
2011;127:1155-1162.

GA. Sensory nerves transfers. | Hand Surg Br.
2004;29:557-562.

Wolford LM, Stevao EL. Considerations in nerve repair. Proc
(Bayl Univ Med Cent). 2003;16:152—-156.

Baradaran A, El-Hawary H, Efanov JI, et al. Peripheral nerve
healing: so near and yet so far. Semin Plast Surg. 2021;35:204-210.
Atkins S, Smith KG, Loescher AR, et al. Scarring impedes
regeneration at sites of peripheral nerve repair. Neuroreport.
2006;17:1245-1249.

Sunderland S. The function of nerve fibers whose structure has
been disorganized. Anat Rec. 1951;109:503-513.

Ngeow WC. Scar less: a review of methods of scar reduction at
sites of peripheral nerve repair. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2010;109:357-366.

Wagner R, Myers RR. Schwann cells produce tumor necrosis
factor alpha: expression in injured and non-injured nerves.
Neuroscience. 1996;73:625-629.

Gordon T. Peripheral nerve regeneration and muscle reinnerva-
tion. Int | Mol Sci . 2020;21:8652.

Isaacs J. Treatment of acute peripheral nerve injuries: current
concepts. [ Hand Surg Am. 2010;35:491-497; quiz 498.

Rocha EA, Pinheiro AL, Oliveira MG. Quantitative evaluation of
intact peripheral nerve structures after utilization of CO, laser,
electrocautery, and scalpel. J Clin Laser Med Surg. 2001;19:121-126.
Fligny I, Wu JS, Samonte BR, et al. Comparative study of laser
and scalpel nerve transections. Lasers Surg Med. 1992;12:43-50.

Jernigan EW, Patterson JMM, Draeger RW. How to cut a nerve:

morphological implications of instruments used in prepara-
tion of severed nerves for neurorrhaphy. /| Hand Surg Fur Vol.
2017;42:961-963.

Sivakumar BS, Bindra RR. Primary repair and nerve grafting fol-
lowing complete nerve transection in the hand, wrist, and fore-
arm In: Wiesel SW, Todd A, eds. Operative Techniques in Orthopaedic
Surgery. 3rd ed. Philadelphia: Lippincott Williams and Wilkins;
2021.

Birch R. Nerve repair. In: Green D, Hotchkiss R, Pederson W,
Wolfe S, eds. Green’s Operative Hand Surgery. Philadelphia: Elsevier
Churchill Livingstone; 2005:1035-1074.

Dahlin LB. Techniques of peripheral nerve repair. Scand | Surg.
2008;97:310-316.

Rose RA, Bliss R, Bromage T, et al. The cutting edge: surface tex-
ture analysis following resection of nerve stumps using various
instruments. Plast Reconstr Surg Glob Open. 2021;9:e3566.
Behrman JE, Acland RD. Experimental study of the regenera-
tive potential of perineurium at a site of nerve transection. |
Neurosurg. 1981;54:79-83.

Archibald SJ, Fisher TR. Micro-surgical fascicular nerve repair:
a morphological study of the endoneurial bulge. | Hand Surg Br.
1987;12:5-10.

Rummings WA, Honeycutt PB, Jernigan EW, et al. Effect of
nerve-cutting technique on nerve microstructure and neuroma
formation. | Hand Microsurg. 2019;11:28-34.


mailto:jana.dengler@mail.utoronto.ca
https://doi.org/10.1007/s11552-009-9242-3
https://doi.org/10.1007/s11552-009-9242-3
https://doi.org/10.1007/s11552-009-9242-3
https://doi.org/10.1016/j.cps.2011.07.008
https://doi.org/10.1016/j.cps.2011.07.008
https://doi.org/10.1007/s11552-008-9128-9
https://doi.org/10.1007/s11552-008-9128-9
https://doi.org/10.1007/s11552-008-9128-9
https://doi.org/10.2106/jbjs.L.00074
https://doi.org/10.2106/jbjs.L.00074
https://doi.org/10.2106/jbjs.L.00074
https://doi.org/10.1002/micr.20242
https://doi.org/10.1002/micr.20242
https://doi.org/10.1097/01.prs.0000172896.86594.07
https://doi.org/10.1097/01.prs.0000172896.86594.07
https://doi.org/10.1097/01.prs.0000172896.86594.07
https://doi.org/10.1097/01.prs.0000172896.86594.07
https://doi.org/10.1055/s-0033-1361840
https://doi.org/10.1055/s-0033-1361840
https://doi.org/10.1055/s-0033-1361840
https://doi.org/10.1055/s-0033-1361840
https://doi.org/10.1097/PRS.0b013e31820439f0
https://doi.org/10.1097/PRS.0b013e31820439f0
https://doi.org/10.1097/PRS.0b013e31820439f0
https://doi.org/10.1097/PRS.0b013e31820439f0
https://doi.org/10.1016/j.jhsb.2004.06.005
https://doi.org/10.1016/j.jhsb.2004.06.005
https://doi.org/10.1080/08998280.2003.11927897
https://doi.org/10.1080/08998280.2003.11927897
https://doi.org/10.1055/s-0041-1731630
https://doi.org/10.1055/s-0041-1731630
https://doi.org/10.1097/01.wnr.0000230519.39456.ea
https://doi.org/10.1097/01.wnr.0000230519.39456.ea
https://doi.org/10.1097/01.wnr.0000230519.39456.ea
https://doi.org/10.1002/ar.1091090307
https://doi.org/10.1002/ar.1091090307
https://doi.org/10.1016/j.tripleo.2009.06.030
https://doi.org/10.1016/j.tripleo.2009.06.030
https://doi.org/10.1016/j.tripleo.2009.06.030
https://doi.org/10.1016/0306-4522(96)00127-3
https://doi.org/10.1016/0306-4522(96)00127-3
https://doi.org/10.1016/0306-4522(96)00127-3
https://doi.org/10.3390/ijms21228652
https://doi.org/10.3390/ijms21228652
https://doi.org/10.1016/j.jhsa.2009.12.009
https://doi.org/10.1016/j.jhsa.2009.12.009
https://doi.org/10.1089/10445470152927946
https://doi.org/10.1089/10445470152927946
https://doi.org/10.1089/10445470152927946
https://doi.org/10.1002/lsm.1900120109
https://doi.org/10.1002/lsm.1900120109
https://doi.org/10.1177/1753193417718449
https://doi.org/10.1177/1753193417718449
https://doi.org/10.1177/1753193417718449
https://doi.org/10.1177/1753193417718449
https://doi.org/10.1177/145749690809700407
https://doi.org/10.1177/145749690809700407
https://doi.org/10.1097/GOX.0000000000003566
https://doi.org/10.1097/GOX.0000000000003566
https://doi.org/10.1097/GOX.0000000000003566
https://doi.org/10.3171/jns.1981.54.1.0079
https://doi.org/10.3171/jns.1981.54.1.0079
https://doi.org/10.3171/jns.1981.54.1.0079
https://doi.org/10.1016/0266-7681_87_90043-x
https://doi.org/10.1016/0266-7681_87_90043-x
https://doi.org/10.1016/0266-7681_87_90043-x
https://doi.org/10.1055/s-0038-1654751
https://doi.org/10.1055/s-0038-1654751
https://doi.org/10.1055/s-0038-1654751

