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Table 3: Ulnar nerve conduction velocity in normal brachial plexus [27, 28, 30, 33, 35, 40, 41]. 
Thomas et al. 
(1960) 

Age* 1 - 46d 
(N = 6) 

                  

CV [m/s] 20.7 (0.7)                   

Gamstrop et al. 
(1960) 

Age** Birth - 1wk 
(N = 30) 

1wk - 4mo 
(N = 18) 

4mo - 1yr 
(N = 25) 

1 - 3 yr 
(N = 21) 

3 - 8yr 
(N = 26) 

8 - 16yr 
(N = 26) 

        

CV [m/s] 32.2 (4.4) 42.6 (8.5) 49.9 (6.8) 59.8 (8.1) 65.4 (8.5) 67.6 (6.0)         

Moglia et al. 
(1989) 

Age 0 - 1yr 
(N = 9) 

1 - 3yr 
(N = 27) 

3 - 6yr 
(N = 24) 

6 - 12yr 
(N = 33) 

            

CV [m/s] 48.2 (3.2) 57.2 (5.5) 56.4 (7.6) 57.9 (9.6)             

Tiwari et al. 
(1996) 

Age*** 1 - 28d 
(N = 20) 

2 - 12mo 
(N = 20) 

                

CV [m/s] 25.2 (2.5) 34.4 (6.0)                 

Garcia et al. 
(2000) 

Age <1mo 
(N = 11) 

1 - 6mo 
(N = 12) 

6 - 12mo 
(N = 12) 

12 - 24mo 
(N = 15) 

24 - 48mo 
(N = 17) 

48 - 72mo  
(N = 17) 

        

CV [m/s] 25.0 (2.7) 36.3 (3.7) 45.0 (2.9) 48.9 (2.5) 54.2 (3.5) 56.5 (3.2)         

Lori et al. 
(2018) 

Age 23 - 25wk 
(N = 4) 

26 - 27wk 
(N = 7) 

28 - 29wk 
(N = 6) 

30 - 31wk 
(N = 11) 

32 - 33wk 
(N = 11) 

34 - 35wk 
(N = 15) 

36 - 37wk 
(N = 16) 

38 - 39wk 
(N = 9) 

40 - 41wk 
(N = 10) 

  

CV [m/s] 13.9 (2.3) 17.8 (2.5) 19.5 (2.6) 19.2 (3.3) 21.9 (2.8) 23.6 (3.1) 26.6 (3.7) 29 (3.5) 29.7 (4.6)   

Ryan et al. 
(2019) 

Age 0 - <1mo 
(N = 7) 

1 - <6mo 
(N = 13) 

6 - <12mo 
(N = 29) 

12 - <24mo 
(N = 40) 

2 - <3yr 
(N = 36) 

3 - <4yr 
(N = 33) 

4 - <5yr 
(N = 27) 

5 - <10yr 
(N = 143) 

10 - <15yr 
(N = 258) 

15 - <18yr 
(N = 509) 

CV [m/s] 35.0 (7.0) 43.0 (7.0) 51.0 (7.0) 53.0 (7.0) 56 (6.0) 58.0 (6.0) 60.0 (6.0) 61.0 (6.0) 62.0 (5.0) 63.0 (5.0) 

N = number of observations; mean (standard deviation); d: day; wk: week; yr: year. 
* 1 - 46d: pre-term infants. 
** Birth - 1wk: Neonate; 1wk - 4mo: Early Infancy; 4mo - 1yr: Late Infancy; 1 - 3yr: Early Childhood; 3 - 8yr: Late Childhood; 8 - 16yr: Adolescence. 
*** 1 - 28d: Neonate; 2 - 12mo: Infant. 
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Table 4: Median nerve conduction velocity in normal brachial plexus [27, 28, 30, 33, 35, 41]. 

Gamstrop et al. (1960) Age* Birth - 1wk 
(N = 30) 

1wk - 4mo 
(N = 18) 

4mo - 1yr 
(N = 25) 

1 - 3 yr 
(N = 21) 

3 - 8yr 
(N = 26) 

8 - 16yr 
(N = 26) 

      

CV [m/s] 29.0 (3.7) 33.9 (8.7) 40.0 (5.3) 49.5 (1.3) 58.3 (5.9) 63.9 (5.7)       

Moglia et al. (1989) Age 0 - 1yr 
(N = 9) 

1 - 3yrs 
(N = 27) 

3 - 6yrs 
(N = 24) 

6 - 12yrs 
(N = 33) 

          

CV [m/s] 47.2 (2.8) 54.4 (6.4) 59.9 (8.6) 58.9 (9.8)           

Tiwari et al. (1996) Age** 1 - 28d 
(N = 20) 

2 - 12mo 
(N = 20) 

              

CV [m/s] 26.6 (3.3) 36.6 (6.2)               

Garcia et al. (2000) Age <1mo 
(N = 11) 

1 - 6mo 
(N = 12) 

6 - 12mo 
(N = 12) 

12 - 24mo 
(N = 15) 

24 - 48mo 
(N = 17) 

48 - 72mo 
(N = 17) 

      

CV [m/s] 26.2 (2.2) 36.4 (3.7) 43.9 (3.4) 47.8 (2.3) 52.7 (3.7) 56.4 (2.4)       

Lori et al. (2018) Age 23 - 25wk 
(N = 4) 

26 - 27wk 
(N = 7) 

28 - 29wk 
(N = 6) 

30 - 31wk 
(N = 11) 

32 - 33wk 
(N = 11) 

34 - 35wk 
(N = 15) 

36 - 37wk 
(N = 16) 

38 - 39wk 
(N = 9) 

40 - 41wk 
(N = 10) 

CV [m/s] 10.8 (1.1) 14.2 (2.4) 15.2 (3.1) 15.6 (3.7) 16.4 (3.0) 16.9 (3.0) 18.3 (1.9) 21.3 (3.0) 21.9 (4.1) 

Ryan et al. (2019) Age 0 - <1mo 
(N = 5) 

1 - <6mo 
(N = 14) 

6 - <12mo 
(N = 12) 

12 - <24mo 
(N =17) 

2 - <5yr 
(N = 17) 

5 - <10yr 
(N = 32) 

10 - <15yr 
(N = 77) 

15 - <18yr 
(N = 239) 

  

CV [m/s] 25.0 (3.0) 37.0 (9.0) 45.0 (13.0) 47.0 (5.0) 51.0 (6.0) 56.0 (7.0) 58.0 (4.0) 59.0 (3.0)   

N = number of observations; mean (standard deviation); d: day; wk: week; yr: year 
* Birth - 1wk: Neonate; 1wk - 4mo: Early Infancy; 4mo - 1yr: Late Infancy; 1 - 3yr: Early Childhood; 3 - 8yr: Late Childhood; 8 - 16yr: Adolescence 
** 1 - 28d: Neonate; 2 - 12mo: Infant 
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C6) and intermediate (C5-C7) plexus lesions appropriately, while in 
severe (i.e., C5-Th1) plexus lesions EMG predicted optimistic outcomes 
although the children experienced poor outcomes. Based on their 
findings, the authors suggest that newborns with NBPP would benefit 
from EMG studies at three weeks and again at 2-3 months to aid in 
determining the need for surgical intervention [29]. Paradiso et al. (1997) 
performed EMG in 78 infants with upper trunk NBPP (i.e., Erb’s palsy) 
[34]. This study reported denervation activity as early as day ten and up 
to day 60, as well as motor unit potential changes beginning at day 30 
[34]. 
 
Yilmaz et al. (1999) performed needle EMG on day 27, day 50, and three 
months on 13 infants with neonatal brachial plexus injury [43]. Eight 
infants had an upper BP injury (i.e., Erb’s palsy), and five infants had 
total BP injury [43]. The functional outcome at twelve months was 
compared to the EMG readings from day 27, day 50, and three months. 
The EMG response of the eight infants with Erb’s palsy predicted good 
recovery, which was the last status of these children at twelve months 
[43]. In the five infants with total BP palsy, EMG predicted poor 
prognosis for four of them and a good prognosis for one, which was 
accurate except in the one infant where EMG suggested a good prognosis 
[43]. This study showed how EMG acquired at different times could 
predict the prognosis of upper and total brachial plexus palsies.  
 
The following two studies performed needle EMG at week one, and 
months one and three in infants with NBPP to determine the best timing 
to predict prognosis. Malessy et al. (2011) performed needle EMG on 48 
infants with only upper BP palsy to characterize the injury by 
quantifying the presence of spontaneous EMG activity and the absence 
of motor unit potentials [32]. At month one, the lack of motor unit 
potentials better predicted the severity of NBPP (82.9 ± 4.6%) compared 
to the presence of spontaneous EMG activity (26.1 ± 7.0%) [32]. These 
results, in combination with joint movement (out of the scope of this 
review), were then used in two groups of infants with NBPP to validate 
the reliability to predict the severity of varying degrees of NBPP. In the 
first group of 60 infants (mean age 31 days) with NBPP, the correctly 
predicted outcomes were 88.3% (53/60) [32]. 
 
In the second group of thirteen infants (mean age 31 days) with NBPP, 
the correctly predicted outcomes were 84.6% (11/13) [32]. This study 
showed that needle EMG at month one in comparison to the standard-
of-care of three months seemed to be a better indicator of prognosis and 
to aid in planning surgical intervention that can minimize denervation 
[32, 50]. Van Dijk et al. (2012) also performed needle EMG at week one 
and months one and three in infants with NBPP to identify which time 
would best predict prognosis from elbow flexion [42]. 
 
Although most infants spontaneously recovered by three months, infants 
who did not recover were referred for surgical intervention to improve 
the function of the affected limb [42, 50]. In summary, needle EMG 
studies at one month could predict paralysis, suggesting that this 
technique can be used to aid clinician’s decision of early referral of 
infants to specialists for improved prognosis [29, 32, 42, 50].  
 
 
 
 

iv Combined Nerve Conduction and Electromyography Human 
Studies in Injured Brachial Plexus 
 
The following studies investigated the predictive reliability of EMG, 
combined with nerve conduction studies, to identify the severity and 
outcome of NBPP. Scarfone et al. (1999) performed EMG on the biceps 
and thenar muscles, as well as sensory nerve conduction studies on the 
radial, median, and ulnar nerves in 18 subjects (10 days-35 years) with 
NBPP [36]. The subjects' unaffected limb and healthy subjects were both 
used as controls to compare any changes with the affected limb 
responses [36]. 
 
The study reported a decrease in both motor units and M-wave 
amplitudes of both muscles and a reduction in SNAP amplitudes and 
latency of the nerves in the affected limb as compared to their unaffected 
limb and controls [36]. Brown et al. (2000) performed EMG on 16 
subjects (4-14 years) with NBPP and age-matched healthy subjects [25]. 
The authors aimed to use EMG as a tool to evaluate the extent of 
functional loss experienced by children with BP injuries. Using the M-
wave measure, Brown et al. (2000) reported muscle weakness was not 
only specific to denervation, but also to the limited number of recruited 
motor units [25]. 
 
Louis et al. (2010) reported the use of EMG and nerve conduction 
studies to assess the function of a 25-day-old neonate’s upper limb after 
presenting with the clinical appearance of Erb’s palsy (i.e., C5-C6 plexus 
lesion) [31]. The reported presence of denervation potentials from the 
deltoid EMG and normal ulnar and median nerve conductions were 
indicative of an upper brachial plexus palsy [31]. Estienne et al. (2005) 
showed that combined EMG and nerve conduction studies were able to 
identify BP involvement at day 23 [26].  
 
v Animal Nerve Conduction Studies in Injured Brachial Plexus 
 
Gonik et al. (1998) reported the length of the distal nerve segment and 
timing of EMG correlated with signs of denervation using a piglet animal 
model [45]. The study also investigated differences in EMG responses 
in adult pig and piglet animal models post-BP transection injuries using 
five healthy 2-day-old domestic piglets and two 6-month-old adult 
female pigs, respectively [45]. 
 
The anesthetized piglets and pigs were subjected to transection of the 
C6-C8 and Th1 nerve roots to simulate the most severe avulsion-type 
injury associated with NBPP [45]. Muscle fibrillations between 24 and 
48 hours after inducing damage were noted in the neonate piglets (Figure 
8) as opposed to adult pigs, where denervation was demonstrated at day 
five after nerve root transection [45]. The findings from this animal study 
show similar results reported previously in humans that found 
differences in electrophysiological responses of injured BP in neonates 
versus adults [9, 44].  
 
In another study, Takai et al. (2002) examined the electrophysiological 
response of the lower trunk BP using Japanese white rabbits [46]. In this 
study, the lower trunk of BP was stretched, and EMG was used to assess 
the extent of functional deficit. EMG reported conduction block due to 
neuropraxia, as histological studies observed intact but rearranged axons 
[46]. 
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Through these studies, it is evident that central nervous system 
adaptation occurs in severe cases of NBP injuries. Electrodiagnostic 
techniques can further help with early diagnosis of severe cases of BP 
injury to guide interventions that take advantage of the compensatory 
mechanisms of the central nervous system while avoiding maladaptive 
motor programming that occur as a result of poor prognosis [25]. 
 
V Reliability Studies 
 
Spires et al. (2017) examined the inter-rater reliability of interpreting 
electrodiagnostic results of subjects with NBPP [38]. Two board-
certified reviewers reviewed electrodiagnostic data from 37 infants with 
varying degrees of NBPP to independently identify the type of palsy 
from the injured nerve roots [38]. The reviewers were able to agree on 
injury assessment for C5 (38%), C6 (78%), C7 (92%), C8 (81%), T1 
(84%), and all (75%) nerve roots, thereby supporting a high inter-rater 
reliability assessment of nerve root lesions of NBPP [38]. 
 
Smith et al. (2018) compared electrodiagnostic studies and imaging to 
identify which modality identified the injury pathology of 54 infants 
with NBPP [37]. Imaging studies detected avulsion type injury for 69% 
cases, while electrodiagnostic studies detected it for 74% cases [37]. 
Electrodiagnostic studies had a specificity of 90% versus 70% for 
imaging studies, showing that electrodiagnostic studies in infants with 
NBPP could better identify the injury pathology [37]. 
 
Conclusion 
 
Electrodiagnostic techniques, currently employed in clinical scenarios, 
offer an objective and quantitative evaluation to distinguish lesion type 
and severity of BP injury [12]. Published nerve conduction studies have 
established relationships between age and conduction velocity. 
Furthermore, abnormal nerve signals, (acquired through conduction and 
EMG studies) observed as early as 10 days post-BP injury, can serve as 
a good predictor of injury prognosis. Such available data are critical in 
reforming current standard-of-care that hinders early intervention 
through heavy reliance on spontaneous recovery. Continued 
investigational studies utilizing electrodiagnostic techniques can 
continue to help better understand injury outcomes, direct improvements 
in existing diagnostic tools that offer better prognosis of BP injury, and 
advance the science of neonatal care.  
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