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Abstract
Introduction: Upper limb function loss in cervical spinal cord injury (SCI) contributes to substantial disability, and negatively
impacts quality of life. Nerve transfer and tendon transfer surgery can provide improved upper limb function. This study assessed
the utilization of nerve and tendon transfer surgery for individuals with tetraplegia in Canada. Methods: Data from the Canadian
Institute for Health Information’s Discharge Abstracts Database and the National Ambulatory Care Reporting System were used
to identify the nerve and tendon transfer procedures performed in individuals with tetraplegia (2004-2020). Cases were identi-
fied using cervical SCI ICD-10-CA codes and Canadian Classification of Intervention codes for upper extremity nerve and tendon
transfers. Data on sex, age at time of procedure, province, and hospital stay duration were recorded. Results: From 2004 to
2020, there were ≤80 nerve transfer procedures (81% male, mean age 38.3 years) and 61 tendon transfer procedures (78% male,
mean age 45.0 years) performed (highest in Ontario and British Columbia). Using an estimate of 50% eligibility, an average of 1.3%
of individuals underwent nerve transfer and 1.0% underwent tendon transfer. Nerve transfers increased over time (2004-2009,
n=<5; 2010-2015, n= 27; 2016-2019, n= 49) and tendon transfers remained relatively constant. Both transfer types were per-
formed as day-surgery or single night stay. Conclusions: Nerve and tendon transfer surgery to improve upper limb function in
Canadians with tetraplegia remains low. This study highlights a substantial gap in care for this vulnerable population.
Identification of barriers that prevent access to care is required to promote best practice for upper extremity care.

Résumé
Introduction : La perte de fonction du membre supérieur en cas de lésion de la moelle épinière cervicale (SCI0 contribue à un
handicap substantiel avec des répercussions négatives sur la qualité de vie. La chirurgie de transfert des nerfs et des tendons peut
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apporter une amélioration du fonctionnement du membre supérieur. Cette étude a évalué l’utilisation de la chirurgie de transfert
de nerfs et de tendons pour les patients tétraplégiques au Canada. Méthodes : Des données issues de la base de données des
résumés de congés de l’Institut canadien d’information sur la santé du système national d’information sur les soins ambulatoires
ont été utilisées pour identifier les procédures de transfert de nerfs et de tendons pratiquées sur des patients tétraplégiques
entre 2004 et 2020. Les cas ont été identifiés en utilisant les codes de SCI cervicales du CIM-10-CA et des codes canadiens
de classification des interventions pour les transferts de nerfs et de tendons du membre supérieur. Les données sur le sexe
et l’âge au moment de la procédure, la province et la durée de séjour à l’hôpital ont été consignées. Résultats : Entre 2004
et 2020, il y a eu ≤ 80 procédures de transferts de nerfs (hommes : 81 %, âge moyen : 38,3 ans) et 61 procédures de transfert
de tendons (hommes : 78 %, âge moyen : 45,0 ans) pratiquées (principalement en Ontario et en Colombie-Britannique). En
estimant une admissibilité de 50 %, une moyenne de 1,3 % des patients a subi un transfert de nerfs et 1,0 % des patients a
subi un transfert tendineux. Les transferts de nerfs ont augmenté au fil des années (2004-2009, n = < 5; 2010-2015, n = 27;
2016-2019, n = 49) tandis que le nombre de transferts tendineux est resté relativement stable. Les deux types de transferts
ont été pratiqués das le cadre de la chirurgie d’un jour ou avec une hospitalisation d’une seule nuit. Conclusions : La chirurgie
de transfert de nerfs et de tendons pour l’amélioration des fonctions des membres supérieurs reste peu utilisée pour les
Canadiens tétraplégiques. Cette étude souligne une lacune substantielle des soins pour cette population vulnérable. Il est
nécessaire d’identifier les obstacles qui empêchent l’accès aux soins afin de promouvoir une meilleure pratique pour les soins
du membre supérieur.
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Introduction

Spinal cord injury (SCI) results in disturbance of normal
sensory, motor and autonomic dysfunction, contributes to sub-
stantial disability and loss of independence, and ultimately
restricts participation and quality of life.1 In cervical SCI, indi-
viduals lose upper limb function in addition to lower limb func-
tion and bowel and bladder control. In Canada, there are an
estimated 21,000 people with traumatic cervical SCI living in
Canada,2 with over 750 new injuries each year.3 The economic
impact of SCI on the healthcare system has become an increas-
ingly important topic. The average lifetime cost of cervical SCI
is estimated to be $3 million per individual, with an annual cost
of $2.7 billion across Canada, which includes equipment and
home modifications, and attendant care.4,5

People living with cervical SCI have identified improvement
of upper limb function as a top priority over other essential
functions.6–8 Recent advancements in the surgical treatment
of peripheral nerve injuries offer promising opportunities to
improve upper limb function in traumatic cervical SCI.9–14

Nerve transfer surgery offers several advantages over tradi-
tional tendon transfer techniques15–18 but can be time-sensitive
due to concomitant lower motor neuron involvement.19–22 Both
nerve and tendon transfer surgeries have the potential to sub-
stantially improve quality of life and independence, and
reduce caregiver burden as well as personal and societal costs.

Unfortunately, surgery (nerve transfer, tendon transfer) to
improve upper limb function remains under-utilized in this pop-
ulation world-wide.23 In the United States, it was estimated that
only 14% of people that would benefit from tendon transfer
receive care.24 No studies have examined surgery rates in this
population in Canada, or the rate of nerve transfers in this pop-
ulation exists. The purpose of this study was to evaluate the uti-
lization of nerve and tendon transfer surgery in cervical SCI

across Canada. Specifically, we sought to determine rates,
regional variations, and change in utilization of nerve and
tendon transfer surgery in cervical SCI performed in Canada
over the last 16 years. By understanding the number of
Canadians with cervical SCI undergoing nerve and tendon
transfer surgery, we can better understand the gap in care that
exists, and identify the barriers that may be preventing individ-
uals from accessing care; thereby reducing the burden of illness
in Canadians living with cervical SCI.

Methods

Study Design and Setting

We conducted a retrospective analysis of all nerve and tendon
operations performed in Canada (excluding the province of
Québec) in individuals with traumatic SCI between fiscal
years 2004/05 and 2019/20. This study used data from the
Canadian Institute for Health Information (CIHI) Discharge
Abstracts Database (DAD) and the National Ambulatory Care
Reporting System (NACRS). These data holdings capture
administrative, clinical, and demographic information on all
patients discharged from acute care hospitals in Canada exclud-
ing Québec. The databases contain individual, coded, linkable
data that include longitudinal inpatient and outpatient health-
care interactions. The NACRS database contains information
on day surgery, clinics and emergency departments, while the
DAD contains data on day surgery, acute inpatient hospital
admissions, and rehabilitation settings. Québec data were not
included because parity information is currently not available
in the province’s clinical administrative data submitted to
CIHI. Prior studies have successfully used the DAD and
NACRS databases to determine national rates of various surger-
ies including mastectomies,25 Caesarian sections,26 and lower
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extremity amputations.27 The large size of this database makes
this dataset ideal for tracking rare diseases such as cervical SCI.

Population

Individuals who sustained a traumatic SCI were identified in the
DAD and NACRS databases using the enhanced Canadian
version of the International Statistical Classification of Diseases
and Related Health Problems, 10th Revision, Canada
(ICD-10-CA) codes for SCI (see Supplement 1). Only the first
occurrence (NACRS visit or DAD hospitalization) was included.
The date of admission/registration was defined as the first occur-
rence of SCI and to identify the interventions of interest. Data
linkage was used to query the NACRS and DAD databases for
all nerve or tendon operations subsequently performed in these
individuals using ICD-10-CA Classification of Health
Interventions (CCI) codes (see Supplement 2, Supplement 3).
To identify those undergoing nerve transfer, the codes for
“nerve graft” and “nerve repair” were combined (Supplement
2). We also obtained data on other nerve procedures: “nerve exci-
sion” and “decompression/neurolysis” (Supplement 2), which
were recorded separately. For tendon transfers, we included
codes for other procedures that could be performed in conjunction
with upper extremity reconstruction such as “arthrodesis/joint
fusions”; data on “tendon release” was recorded separately
(Supplement 3). Unlinkable records (records with invalid or
missing health card numbers or birth years) were excluded.

Analyses

Data were aggregated by year intervals (2004-2009, 2010-2015,
2016-2019) and provinces (British Columbia, Manitoba/
Saskatchewan/Alberta, Ontario, Newfoundland/New Brunswick/
Prince Edward Island/Nova Scotia). Data on level of SCI (cervical,
thoracic, lumbar, sacral), sex, average age, and length of hospital
stay were obtained. The frequency of nerve transfers and tendon
transfers was calculated as the number of events in each time inter-
val. These data were compared to published national data on inci-
dence of traumatic SCI to determine the utilization of nerve and
tendon transfer. Previous studies have reported that 60% to 75%

of individuals with cervical SCI would benefit from some type of
upper extremity tendon transfer.28–31 A conservative estimate of
50% was used as a denominator of those eligible and willing to
undergo surgery based on previous research.24

Data across provinces were compared to assess regional variation
of upper extremity reconstruction. Data were compared across years
to evaluate the trends in rates of nerve and tendon transfers over the
last 16 years. No identifiable information was collected and where
there were fewer than 5 cases reported, the data were suppressed.
All data analyses were performed with SAS® University Edition.
Institutional research ethics board review was obtained.

Results

Rates of Nerve and Tendon Transfer Surgery in Cervical
SCI

The number of nerve and tendon procedures performed in indi-
viduals in Canada with cervical SCI from 2004/05 to 2019/20
are presented in Table 1. A total of ≤ 80 nerve transfer proce-
dures were performed over 16 years and the majority of proce-
dures were done on younger patients (mean age 38.3 years) and
male patients (81%). During the same period, a total of 61
tendon transfers (78% male, mean age 45.0 years) and 40
arthrodesis procedures (70% male, mean age 47.1 years) were
performed in individuals with cervical SCI. All nerve and
tendon procedures were performed as day surgery or with a
single overnight stay.

An estimated 787 individuals sustain a traumatic cervical
SCI each year in Canada.3 Using a conservative estimate of
50% eligibility, and assuming that one procedure is performed
in each individual, approximately 1.3% of eligible individuals
undergo nerve transfer, and an average of 1.0% of eligible indi-
viduals undergo tendon transfer.

Changes in Utilization of Nerve and Tendon Transfer
Surgery Over Time

The change in nerve and tendon procedures in SCI over each
time interval is shown in Figure 1. The number of nerve

Table 1. Upper Extremity Reconstruction Procedures Performed for Individuals With Cervical SCI in Canada Between 2004/05 and 2019/20.

Procedure type
Individuals with at least one
procedure (all levels of SCI)

Number of unique
procedures in cervical SCI Male (%) Mean age (years)

Nerve procedures
Nerve transfer 124 ≤ 80a 81% 38.3
Nerve decompression/neurolysis 255 147 68% 55.8
Tendon procedures
Tendon transfer 58 61 78% 45.0
Arthrodesis/Joint fusions 52 40 70% 47.1
Tendon release 108 108 62% 54.6

aExact data not available due to small cell suppression; these data represent estimates based on an assumption of n= 4 (max number allowable) in place of small cell
suppression
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transfers increased over time (2004-2009, n= <5; 2010-2015,
n= 27; 2016-2019, n= 49), while the number of nerve decom-
pressions, tendon transfers, and arthrodesis procedures has
remained relatively constant.

Regional Variations in Nerve and Tendon Procedures

Regional variations in upper extremity nerve and tendon proce-
dures performed in cervical SCI between 2004/05 and 2019/20
are shown in Table 2. The total number of procedures was
highest in Ontario (n= 166) and British Columbia (n= 119).

Discussion

Our findings demonstrate that the number of individuals with
SCI who receive surgery to improve upper limb function is

low, despite upper limb function being identified as a top prior-
ity by this population.6–8

Previous studies have reported that the majority of adults
(over 18) with traumatic SCI in Ontario are male (74.1%)
with a mean age 51.3± 20.1 years.32 These data are similar to
the national estimates from 2018 (77% male; average age
53.4 years old).5 Our data on surgical rates in the traumatic cer-
vical SCI population in Canada show similar demographics
(Table 1). Notably, the mean age at time of nerve transfer
(38.3 years) and tendon transfer (45.0 years) are lower than
for nerve decompression (55.8 years), and tendon release
(54.6 year). These differences may reflect the timing of nerve
and tendon transfer as procedures to provide new function
after injury as compared to nerve decompression and tendon
releases, which are associated with prolonged use and treat syn-
dromes that may develop over time. Individuals with SCI are at

Figure 1. Number of upper extremity nerve and tendon procedures in traumatic cervical SCI have changed over time.

Table 2. Regional Variations in Upper Extremity Nerve Procedures (Nerve Transfer, Nerve Excision, Nerve Decompression), and Tendon
Procedures (Tendon Transfer, Arthrodesis, Tendon Release) Performed in Individuals With Cervical SCI in Canada.

Province/Region 2004/05-2009/10 (n) 2010/11-2015/16 (n) 2016/17-2019/20 (n) Total (n)

ON 29 56 81 166
BC 29 41 49 119
Prairies: MB+ SK+AB ≤ 4a 48 30 ≤ 82a

Maritimes: NL+ PE+NB+NS ≤ 4a 13 ≤ 4a ≤ 21a

Abbreviations: AB, Alberta; BC, British Columbia; MB, Manitoba; NB, New Brunswick; NL, Newfoundland and Labrador; NS, Nova Scotia; ON, Ontario; PE, Prince
Edward Island; SK, Saskatchewan.
aExact data not available due to small cell suppression; these data represent estimates based on an assumption of n= 4 (max number allowable) in place of small cell
suppression.
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high risk of developing upper limb compression neuropathies,
such as cubital tunnel and carpal tunnel, due to positioning
and weight-bearing activities on the upper limbs.33 Nerve
decompression can alleviate symptoms of compression neurop-
athy and improve function.33 Tendon/muscle releases are used
in SCI to treat contractures that result from spasticity. Further
research would be warranted to examine time to procedures
post index injury.

The rates of nerve transfer and tendon transfer surgery found
in our study are exceptionally low, with 1.3% of eligible indi-
viduals undergoing nerve transfers and 1% undergoing
tendon transfers. These rates may be an overestimation based
on the assumption that one procedure was performed per indi-
vidual. However, a single individual may have several nerve
and/or tendon transfers performed in each limb,9 and therefore
the identified rates may reflect fewer unique individuals who
underwent nerve or tendon transfer. In a 2005 study of
tendon transfer rates in the United States, Curtin et al reported
a low utilization rate of 14%,24 which is much greater than the
rate found in our study. This highlights the need to understand,
contextualize, and address local and regional barriers that may
be affecting access to care in Canada.

Notably, although tendon transfers for individuals with SCI
were introduced in the 1960s34 and the first report of nerve trans-
fers in SCI was published in 2012,35 the rates of tendon transfer
procedures are similarly low to nerve transfers. This suggests the
need for knowledge dissemination and implementation efforts
targeted at surgical procedures to improve upper limb function
including both nerve and tendon transfer procedures.
Importantly, there are advantages to each of these procedures
and choice of reconstruction should be individualized to patient’s
clinical circumstances and preferences.36 Furthermore, although
incidence of nerve decompression is higher than nerve and
tendon transfer (Table 1), numbers are still comparatively low,
pointing to an underdiagnosis and treatment of compression neu-
ropathy in this population.33

While overall rates of procedures are low, there has been an
increase in nerve transfers over time (Figure 1). Many factors
may influence the rise in procedures, such as increasing aware-
ness of nerve transfers among individuals with SCI and/or their
healthcare providers, and an increase in the number of surgeons
trained in these procedures. There are increasingly more inter-
disciplinary clinics across the country to serve this patient pop-
ulation. Regional variation in upper extremity surgical
procedures (Table 2) follows population densities of the corre-
sponding provinces (Ontario: 14.8 million > Prairies: 7.0
million > Maritimes: 2.4 million) with the exception of
British Columbia (population 5.1 million), where rates of
upper extremity surgical procedures are greater than in the
Prairies.37 Further research would be warranted to examine
why regional differences exist. For example, relatively higher
incidence of surgery in British Columbia may reflect a differ-
ence in practices and relationships among SCI healthcare pro-
viders, surgeons, and advocacy organizations. Moreover, this
province has a single rehabilitation hospital that cares for all
patients with SCI. This may make it easier to streamline and

implement changes in SCI care. The present study reinforces
the need to understand how improvements can be made to
increase access and availability of surgeries for persons with
traumatic SCI in Canada.

Limitations

Database research has inherent limitations including the risk of
under- or over-estimates of incidence. Submissions to the DAD
and NACRS were not mandated in all provinces during the
selected time period; and no data were included from Québec.
This may lead to under-estimates of upper extremity reconstruc-
tion. As there was no ICD-10-CA/CCI intervention for nerve
transfer, we used related procedure codes for “nerve grafting”
and “nerve suture” which are the codes used by surgeons to
describe their operative procedures. It is possible that these
codes may have captured procedures other than nerve transfer.
Using an estimate of 50% to represent those eligible and willing
to undergo nerve transfer surgery was based on previous studies
of tendon transfers. This is likely an underestimation since
nerve transfers expand eligibility given the ability to restore
function at higher levels (C5) and availability of nerve
donors. Finally, small cell suppression limited the data we
obtained. Nonetheless, the large size of the national database
used for this study makes this dataset ideal for tracking rare dis-
eases such as cervical SCI.

Conclusion

Nerve and tendon transfer surgery to improve upper limb func-
tion in Canadians with cervical SCI remains very low. This
study highlights a substantial gap in care for this vulnerable
population, however progress is being made. Identification of
the barriers that prevent access to care has begun to develop
and promote best practice guidelines for delivering upper
extremity surgical care.
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