
© 2019 Journal of Musculoskeletal Surgery and Research | Published by Wolters Kluwer - Medknow90

Original Article

iNtroduCtioN
Brachial plexus injury (BPI) often results in devastating 
disturbance of upper limb function, restriction of activities 
of daily living performance,[1] severe neuropathic pain and 
broad socioeconomic ramifications for both the individual 
and their family.[2]

Infraclavicular BPI is an uncommon injury associated with 
both low- and high-energy trauma. There are age-related peaks 
of incidence in young males involved in motorcycle or other 
road traffic collisions (RTCs) and in elderly patients sustaining 
low-energy traumatic falls. Glenohumeral dislocation, one of 
the most common joint dislocations owing to the mobility of 
the glenohumeral joint, was first recognised as a causative 
mechanism of infraclavicular BPI by Delbe and Cauchoix 
in 1910.[3] Figures 1 and 2 demonstrate the mechanism by 
which glenohumeral dislocation compromises integrity of the 
infraclavicular plexus. Closed low-energy infraclavicular BPIs 

remain a frustrating surgical dilemma. Although some patients 
will have good spontaneous recovery from these injuries, many 
will be left with poor functional outcomes and no useful grip 
or intrinsic muscle function of the hand.[4]

High BPIs, where the medial cord is injured proximally, result 
in notoriously poor outcomes with regard to recovery of 
intrinsic hand muscles because of two fundamental principles:
• Axonal regeneration is limited to 1–2 mm/day
• The majority of motor endplates remain responsive to 

reinnervation for 12 months only.[5]
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By the time regenerating axons have covered the long distance 
from the point of injury to the median and ulnar nerve targets 
located in the hand and distal forearm, muscles have atrophied 
and motor endplates are unresponsive. Compared to the four 
other terminal branches of the plexus, the ulnar nerve has 
been found to have the lowest rate of good recovery (50%).[6]

Hems’ study of outcomes in patients who sustained 
infraclavicular BPI following glenohumeral dislocation found 
that full recovery was attained in all damaged axillary and 
musculocutaneous nerves. However, full recovery was attained 
in only 17% of median nerves and 11% of ulnar nerves. This 
study concluded that outcomes for ulnar nerve injuries at the 
level of the glenohumeral are unlikely to be improved by any 
form of repair; this emphasises the medial cord problem.[7]

Medial cord injuries (MCIs) involve loss of active digital 
flexion and fine hand control through the intrinsic muscles, 
impairing grip and dextrous hand function. Such functional loss 
has considerable socioeconomic consequences; in a group of 
81 ulnar and/or median nerve-injured patients, the mean time 
off work exceeded 31 weeks; furthermore, within 1 year after 
combined nerve injuries, only 24% (versus 80% after isolated 
median and 59% after ulnar nerve injuries) returned to work.[8]

With an increasing elderly population worldwide – the UK 
population in which those aged 65 years and over are predicted 
to comprise almost 25% by 2046,[9] the incidences of falls and 
BPIs is predicted to increase.[10] Infraclavicular BPIs remain 
a challenging problem with a paucity of published evidence. 
It is difficult to make direct comparisons between studies 
due to heterogeneity in terms of patient populations, injury 
pathomechanics, classification of injury patterns, management 
and outcomes reporting.[11] A comprehensive analysis of 
the patterns of infraclavicular BPI is indicated, in order for 
peripheral nerve surgeons to advance clinical practice and 
identify early predictors of poor outcome and to explore novel 
treatment options.

The principal aims of this study are to (1) understand the 
demographics of patients presenting with infraclavicular 
injuries, (2) recognise patterns of infraclavicular injuries 
and (3) identify factors associated with poor prognosis.

subjeCts aNd methods
Data collection
The study was registered at our institution, and following board 
review, the researchers were given approval to undertake the 
data collection and analysis. Two co-researchers reviewed 
all cases presenting to a regional peripheral nerve injury 
service from 2012 to 2016 with an assigned diagnostic code 
‘infraclavicular BPI’ by their attending clinician. A total of 
100 injuries were identified in 99 patients (a bilateral BPI was 
sustained by one patient). The medical records, therapy records, 
imaging and neurophysiology reports were examined, and key 
variables recorded in a bespoke database were created for this 
study. These variables included patient demographics, injury 
features, interventions and outcome of the injury [Table 1].

Nerve damage
Nerve injury to each of six branches of the brachial plexus (ulnar, 
musculocutaneous, radial and axillary nerves, and the lateral 
and medial roots of the median nerve) was graded based on 
clinical examination findings and electrodiagnostic studies. 
Grading was based on classification systems established by 
Seddon, Sunderland and Mackinnon.[5] Injuries were defined 
as ‘no injury’, ‘neurapraxia’, ‘axonotmesis’, ‘neurotmesis’ or 
‘mixed’. An overall consensus on nerve injury grade to each 
of these branches was achieved by the two researchers, with 
senior author review where no consensus was reached.

Data interpretation and analysis
Demographic details
Mean, median and range values were calculated for age and body 
mass index (BMI) using Microsoft Excel. With regard to relevant 
medical history, the number of patients with a positive history 
of each factor (diabetes mellitus, smoking and hypertension) 
was converted into a percentage of all patients in the database.

Injury features
All datasets were organised into categories of causative 
mechanism, each of which was subdivided into whether 

Figure 1: Anatomy of the brachial plexus. Buckenmaier C, Bleckner L, 
Sracic M. Military‑advanced regional anaesthesia and analgesia handbook. 
1st ed. Washington: Borden Institute; 2009. p. 22; Figure 5 and 2

Figure 2: Frontal and caudal views of relationships between the axillary 
nerve, the infraclavicular neurovascular bundle and the humeral head 
in internal rotation. Both axillary nerve and neuromuscular bundle are 
caudal to the humeral head and stretched over it. Coene L. Mechanisms 
of brachial plexus lesions. Clin Neurol Neurosurg 1993;95:24‑9
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shoulder dislocation was present or not [Table 2]. If shoulder 
dislocation was present, it was further subdivided into 

‘anterior’, ‘inferior’ or ‘unclassified’. Those patients who 
were classified as having sustained a dislocation in ‘simple’ 
and ‘low‑energy fall’ groups were identified as the population 
relevant to this study’s research question, and data analysis 
was only conducted for this group.

Regarding time to shoulder reduction, the number and 
percentage of patients who fell into each group (‘early’, 
‘prolonged’ and ‘late’) was calculated. The number of 
patients with a positive finding of vascular injury, fracture 
or rotator cuff tear was converted into a percentage. The 
patterns of nerve damage of all 99 patients for whom 
sufficient data on degree of nerve injury was present (n = 82) 
were categorised.

Medial cord outcome
Outcomes for flexor carpi ulnaris, flexor digitorum profundus 
and intrinsics according to the Medical Research Council (MRC) 
scale were grouped into 3 categories [Table 3].

Injury severity scores
Each grade of nerve injury was assigned a severity score 
[Table 4]. Patients’ overall BPI severity scores were determined 
by the sum of each score achieved in their respective brachial 
plexus territories. Demographic and injury details were 
correlated with these to determine poor prognostic indicators.

results
Database interrogation identified 100 infraclavicular BPIs 
during a 3-year period with at least 12-month follow-up. Two 
of these injuries were sustained by the same patient (bilateral 
BPI); so, data from 99 patients were retrieved.

Patterns of nerve damage
Patterns of nerve damage of all 99 patients in the database for 
whom sufficient data on the degree of nerve injury was present 
(n = 82) were categorised [Table 5].

Causative mechanism
Following exclusion of high-energy injuries, stabs, gunshots 
and iatrogenic injuries, there were 52 injuries classified 
as low‑energy and a sub‑group of 40 cases of confirmed 
glenohumeral dislocation [Table 6]. Nerve injury classification 
data were complete in 34 patients (89%), and these were 
included in the final analysis [Figure 3].

Exclusion
Sixteen datasets were excluded for the reasons listed in 
Table 7, which were considered potential confounders by 
the researchers. This yielded 83 datasets that qualified for 
interpretation and analysis.

Demographic details
There were 21 females and 13 males with a mean age of 
62 years (range 30–87) and median 63 years. Mean BMI was 
31 (20.8–45.5); median BMI was 29. A positive history of 
diabetes mellitus, smoking and hypertension was found in 
27.6%, 41.1% and 44.8% of patients, respectively.

Table 1: Details of how each variable was recorded in 
the database

Variable How it was documented
Demographic details

Age Age at first presentation (years)
Gender Male

Female
Ethnicity B - British Caucasian

A - Asian
BC - Black Caribbean
U - Unknown

BMI Most recent record
Relevant medical 
history

Diabetes mellitus Y - Yes
Smoking N - No
Hypertension U - Unknown

Injury features
Date of injury If unspecified, default to first of the month
Dominant hand 
affected

Y - Yes
N - No
U - Unknown

Mechanism All details recorded as free text
Presence/absence of shoulder dislocation

Time to shoulder 
reduction

Early <2 h from injury
Prolonged 2-24 h from injury
Late >24 h from injury

Associated 
injuries

Vascular Y - Yes
Fracture* N - No
Rotator cuff tear U - Unknown

Nerve damage Clinical 
examination 
electrophysiological

X - No injury
C - Neurapraxia
A - Axonotmesis
N - Neurotmesis
M - Mixed

Interventions
Shoulder 
operation

Y - Yes, and name of procedure
N - No

Nerve operation Y - Yes
N - No
If yes, name of 
procedure

N - Neurolysis
D - Decompression
X - Nerve transfer
T - Tendon transfer

Medial cord 
outcome

Time after injury Months after injury that outcomes were most 
recently assessed by the clinician

Sensory Arm 0-10
Forearm
Ulnar nerve

Motor Costal head of 
pectoralis major 
flexor carpi ulnaris 
flexor digitorum 
profundus intrinsic 
muscles

MRC: 0-5

BMI: Body mass index, MRC: Medical Research Council
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Injury features
Five (13%) patients had a vascular injury and 11 (29%) had 
rotator cuff tears. Twelve (35%) patients sustained 13 fractures, 
of which all were of the proximal humerus or greater tuberosity. 

Time to glenohumeral reduction was reported as early (<2 h) 
in 12 patients, prolonged (2–24 h) in 9 and late (>24 h) in 9. 
This information was not recorded for four patients.

Nerve damage
MCI, including those defined as either axonotmesis or mixed, 
was identified in 24 cases (71%), and half of these patients 
(n = 12) had injury to all six nerves (ulnar nerve, medial root of 
median nerve, lateral root of median nerve, musculocutaneous 
nerve, axillary nerve and radial nerve) and therefore would not 
qualify as intraplexus nerve transfer candidates due to lack of 
an intact donor nerve. The 12 injuries with sparing of at least 
one cord are potentially amenable to nerve transfer surgery 
for restoration of important motor function to the medial 
cord [Figure 4].

Injury severity scores
Injury severity score (ISS) was calculated for the 34 patients 
with infraclavicular BPI following glenohumeral dislocation.

Demographics
Demographic factors were found to be associated with a higher 
ISS including age over 80 years, female and BMI exceeding 
25 [Table 8] although these were not statistically significant. 
A positive history of either smoking or hypertension also 
predicts more severe injury; however, a positive history of 
diabetes mellitus predicts a lower severity.

Injury features
Vascular injury, fractures and an absence of rotator cuff tear 
were found to be associated with more severe injury [Table 9].

Outcomes for intrinsic hand function
A total of 24 patients with medial cord axonotmesis were 
identified. In 2 cases, medial cord injuries were limited 
to the medial root of the median nerve and therefore had 
sparing of the ulnar nerve; these cases were discounted for 
this particular analysis. The remaining subgroup of 22 cases 
is clinically important because the ulnar nerve provides the 
main contribution to intrinsic hand function. The intrinsic hand 
motor function outcomes for this group, once any interventions 
had taken place and at least 12 months after injury, were 
reported [Figure 5].

Some 10 cases were found to have ‘good’ intrinsic hand 
function, with MRC graded 4 or 5, while 5 cases were left with 
‘poor’ function, all of which graded MRC 0. No information 
on intrinsic hand function was available for 7 cases.

Therefore, 1 in 3 cases who sustained ulnar nerve axonotmesis 
following glenohumeral dislocation regained no function in 
their intrinsic hand muscles; instead, they were left with a 
permanently ‘intrinsic-minus hand’ characterised by a claw 
deformity. These patients have weakened grip and grasp 

Table 2: Classification of causative mechanisms
Simple
Fall

Low energy
High energy

RTC
Other
Unknown
RTC: Road traffic collisions

Table 3: Functional category assigned to respective 
Medical Research Council grades of power

MRC grade Assigned category
0-2 Poor
3 Fair
4-5 Good
MRC: Medical Research Council

Table 4: Injury severity score assigned to respective nerve injury grades

Nerve injury grade No injury Neurapraxia Mixed Axonotmesis Neurotmesis
Severity score 0 1 2 3 4

Figure 3: Inclusion and exclusion of cases for the clinical series. *Table 7 
for exclusions
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strength, resulting in considerably reduced functional hand 
efficiency that is disabling and life‑changing. 

Of the 5 intrinsic-minus cases, 3 had sustained pan-plexal 
injuries so had no available donor nerves, rendering them 
ineligible for transfer surgery. However, 2 cases might have 

been amenable for nerve transfers that could have the potential 
to provide intrinsic reinnervation and improved hand outcome. 
Closer review of the 10 cases who regained good intrinsics 
showed that 3 had function graded MRC 4. Therefore, there 
may have been room for improvement in this group that 
could be achieved through nerve transfers, for which all these 
patients’ injuries were suitable.

In this way, 8 patients who sustained ulnar nerve axonotmesis 
did not regain full intrinsic hand function (53%), but it was 
considered that 5 of these (62.5%) could have had nerve 
transfer surgery that might have improved their final outcomes.

Prognostic indicators of intrinsic recovery
Fifteen cases with ulnar nerve axonotmesis and available outcome 
data for intrinsic hand function were analysed to identify poor 
prognostic indicators. Demographic and injury features for those 
with ‘poor’ outcomes were compared against those with ‘good’ 
outcomes, and a paired t-test was applied to calculate statistical 
significance [Table 10]. Older age and lower BMI were found 
to be statistically significant predictors of poor intrinsic hand 
recovery. Gender did not appear to be an indicator of intrinsic 
hand recovery; both outcome groups had an identical distribution 
of females. Vascular injuries and fractures were more frequent 

Table 6: Numbers and distribution of causative 
mechanisms

Dislocation No dislocation

Anterior Inferior Unspecified
Simple 2 4

Fall
Low-energy 13 4 17 12
High-energy 3 4 5

RTC 1 2 16
Iatrogenic 7
Other* 8
Unknown 1
Highlighted are the mechanisms included in the subgroup analysis of 
low-energy glenohumeral dislocations. *Included 1 each of chainsaw, 
crush, gunshot, degloving, heroin overdose, stab and 2 traction. 
RTC: Road traffic collisions

Table 5: Patterns of nerve damage

Number of cords injured Injured cords Number of patients
0 - 8*
1 Medial 3

Lateral 3
Posterior 10

2 Medial + lateral 7
Medial + posterior 6
Lateral + posterior 6

3 Medial, lateral + 
posterior

39

Total 82
*These 8 cases of ‘no cord injury’ had exhibited spontaneous, rapid and 
complete recovery by the clinician’s second assessment, indicating the 
damage was only neurapraxia in nature and therefore not considered an 
‘injury.’ Only those showing evidence of axonotmesis were defined as 
nerve injuries

Figure 4: Injury patterns and subsequent amenability to nerve transfer 
surgery in 34 patients with infraclavicular brachial plexus injury following 
glenohumeral dislocation

Figure 5: Injury patterns and subsequent amenability to nerve transfer 
surgery in 24 patients with medial cord injury following glenohumeral 
dislocation
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in those patients who regained good function. Rotator cuff tears 
were more frequent in the poor outcome group. Although these 
differences were not statistically significant, they demonstrate 
trends that can be acknowledged in clinical practice.

Patterns of infraclavicular brachial plexus injury 
without medial cord injury
The 10 cases without damage to the medial cord were reviewed 
[Figure 6]. Some 30% of cases were found to have three 
cords intact; these injuries were only neurapraxic in nature. 
Moreover, 40% of cases had intact medial and posterior cords; 
no cases had an intact lateral cord.

Table 7: Numbers of patients excluded from the case 
series, with reasons

Reason for exclusion Number of patients
Concomitant central nervous system injury 4
>1 year from time of injury to first presentation 2
Significant comorbidities affecting outcome 4
Incomplete dataset 5
Concomitant supraclavicular injury 1
Total 16

Table 9: Mean injury severity scores for groups with and 
without evidence of associated injuries

Yes No
Vascular injury 10.6 8.3
Fracture 9.8 7.5
Rotator cuff tear 7.6 8.9
Highlighted is the group with the highest ISS for each factor. ISS: Injury 
severity scores

disCussioN
There is limited published evidence on the patterns of 
injury, management and outcomes for infraclavicular BPIs. 
Medial cord involvement is common, and outcomes for grip 
and dextrous hand function are uncertain. High injuries to 
the medial cord are complex due to the long reinnervation 
distances required to reach distal motor targets and the limited 
window of time before motor endplates degenerate and muscles 
atrophy. This renders outcome from low-grade axonotmesis 
injuries unpredictable, with some patients regaining finger 
flexion but few regaining intrinsic function unless the initial 
injury is mixed with some preservation of motor axons to the 
intrinsic muscle across the site of injury.

Currently, the reconstructive options for these patients are 
limited to arthrodesis and tendon transfers when the neurological 
recovery has plateaued at 18–24 months following injury. Nerve 
transfers have become mainstream management strategies 
in supraclavicular injuries to the brachial plexus but are not 
routinely utilised in infraclavicular injuries due to the multiple 
nerve involvement and typically long reinnervation distances. 
Novel-staged nerve transfer techniques using less injured 
expendable branches within other cords may provide a solution 
to this problem and must be evaluated through clinical trials. The 
first stage of retrograde reinnervation of a cutaneous nerve needs to 
be performed early. The second stage distal reflection of the newly 
innervated nerve to a denervated target provides a possibility for 
motor recovery if and when spontaneous reinnervation through 
the medial cord has failed. A greater understanding of injury 
severity and predictors of recovery are therefore required at first 
presentation for guiding subsequent management.

In this case series, 34% of infraclavicular BPIs were attributed to 
glenohumeral dislocation sustained as a result of a low-energy 

Table 8: Mean injury severity scores for demographic 
factors

Variable ISS
Age (years)

30-39 8.5
40-49 8.3
50-59 8.9
60-69 8.5
70-79 8.5
80-89 13.0

Gender
Female 9.5
Male 8.5

BMI
20-25 8.0
25+ 9.6

Yes No
Diabetes mellitus 6.0 10.4
Smoking 9.7 8.3
Hypertension 9.7 8.9
Highlighted is the group with the highest ISS for each variable. 
BMI: Body mass index, ISS: Injury severity scores

Figure 6: Injury patterns in 10 patients with an intact medial cord following 
glenohumeral dislocation
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fall. The majority (71%) had medial cord axonotmesis. More 
severe injuries presented in patients who were female, aged 
over 80 years and with a BMI exceeding 25. Moreover, older 
age and lower BMI were found to be statistically significant 
predictors of poor intrinsic hand recovery in those with ulnar 
nerve axonotmesis. Older age is likely to be associated with 
poor nerve recovery for a number of established reasons. 
First, the amount of myelin decreases with age as a result of 
diminished Schwann cell responses; therefore, nerve repair and 
regeneration are less efficient. Other important changes likely 
to hamper recovery in older individuals are reduced muscle 
strength, endoneurial blood flow and axonal sprouting. The 
association with BMI is slightly contradictory; while those 
with higher BMIs sustained more severe nerve injuries, they 
were more likely to recover a better grade of power. This 
perhaps suggests a supportive role of adipose tissue in nerve 
regeneration; indeed, adipose-derived stem cells are known to 
secrete growth factors that promote axonal growth, as well as 
being capable of differentiating into Schwann cells.[12]

Limitations
First, numbers are relatively small. This limits generalisability. 
However, these injuries are uncommon, so the findings 
still carry weight perhaps a multicentre collaboration with 
similar peripheral nerve services is warranted to increase 
significance. Furthermore, patient records were often 
incomplete or inconsistent, further compounding the small 
study population. In an effort to minimise these limitations 
for future data collection, we have developed a pro forma 
that will be implemented at the peripheral nerve service to 
make assessment of BPIs more systematic and datasets more 
uniform. This will hopefully allow early recognition of an 
injury subgroup with medial cord damage and concomitant 
sparing of the posterior and/or lateral cords which may provide 
an opportunity for consideration of novel-targeted nerve 
transfer surgery.

CoNClusioN
Early recognition of an injury subgroup with medial cord 
involvement and concomitant sparing of the posterior and/or 
lateral cords may provide an opportunity for consideration of 
novel-targeted nerve transfer surgery. This can restore hand 
function despite the long reinnervation distances necessary to 
reach forearm and hand motor targets. Ultimately, the timing 
and effectiveness of surgical interventions for infraclavicular 
BPIs will depend on the mechanism, pattern and grade of 
nerve injury. Clinical examination and electrodiagnosis are 
invaluable tools to diagnose these injuries. Other prognostic 
factors such as associated vascular, bone and soft tissue 
injuries, as well as patient demographics must also be taken 
into account to provide an accurate prognosis and determine 
amenability to these novel nerve transfers.
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