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Abstract 

Introduction: The aims of the study were to evaluate interobserver variability in contouring the 

brachial plexus (BP) using the RTOG-approved protocol and to analyse BP dosimetries.  

Methods: Seven outliners independently contoured the BPs of 15 consecutive patients. 

Interobserver variability was reviewed qualitatively (visually by using planning axial computed-

tomography images and antero-posterior digitally-reconstructed-radiographs (AP-DRRs)) and 

quantitatively (by volumetric and statistical analyses). Dose-volume-histograms (DVHs) of BPs 

were calculated and compared. 

Results: We found significant interobserver variability among outliners in both qualitative and 

quantitative analyses. These were most pronounced for the T1 nerve roots on visual inspection 

and for the BP volume on statistical analysis. The BP volumes were smaller than those 

described in the RTOG atlas paper with a mean volume of 20.8 cc (range 11 - 40.7 cc) 

compared with 33 ± 4 cc (25.1 - 39.4 cc). The average values of mean dose, maximum dose, 

V60Gy, V66Gy and V70Gy for patients treated with conventional radiotherapy and IMRT were  

42.2 Gy vs 44.8 Gy, 64.5 Gy vs 68.5 Gy, 6.1% vs 7.6%, 2.9% vs 2.4% and 0.6% vs 0.3% 

respectively. 

Conclusion: This is the first independent external evaluation of the published protocol. We 

have identified several issues, including significant interobserver variation. Although radiation 

oncologists should contour BPs to avoid dose dumping especially when using IMRT, this atlas 

should be used with caution. Because BPs are largely radiologically occult on CT, we propose 

the term "brachial-plexus-regions (BPR)" to represent regions where BPs are likely to be 

present. Consequently, BPR should in principle be contoured generously. 

 

 

Key words: brachial plexus, radiation-induced brachial plexopathy, head and neck cancer, 

IMRT, RTOG protocol. 
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Introduction 

In modern day radiotherapy, it is of prime importance not only to deliver a higher tumoricidal 

dose to the target but also to spare the surrounding normal tissues as much as possible. 

Computer-driven optimisation with inverse planning is used in the intensity-modulated 

radiotherapy (IMRT) technique to achieve a desired fluence profile1. However, the toxicity of an 

organ at risk (OAR) cannot be optimised unless it is accurately contoured and a dose constraint 

is set. Some structures such as parotids are readily visible on planning computed tomography 

(CT) scans and hence guidelines or protocols are not required to contour them. However, some 

OARs like the brachial plexus (BP) are difficult to identify on CT images and so will inevitably 

vary between outliners. Radiation oncologists do not contour BPs on a routine basis, resulting in 

these structures being subject to “dose-dumping” wherein the inverse planning system may 

allow excess dose to regions without constraints especially near the target volumes1,2. As a 

consequence, patients may be at increased risk of radiation-induced brachial plexopathy (RIBP) 

i.e. radiation oncologists may inadvertently be practising nerve sacrificing radiotherapy, rather 

than nerve sparing radiotherapy. 

In 2008, Hall et al. published the RTOG endorsed BP contouring atlas as a standardised 

method to use in head and neck IMRT3. This was subsequently validated by Yi et al. from the 

same institution with the conclusion that the atlas provides a consistent set of guidelines with 

essentially no learning curve4.  

Our department has been developing new protocols for contouring OAR for IMRT radiotherapy 

planning and dose monitoring. Before adopting this RTOG protocol3, we decided to review 

whether instructions given in the atlas are adequate to minimise interobserver variability. To our 

knowledge, this is the first independent external evaluation of the outlining protocol. We also 

took the opportunity to compare BP dosimetry between conventionally and IMRT planned 

patients. 

 

Methods and materials 

Using the instructions provided in the RTOG protocol, BPs of 15 consecutive patients treated 

with radiotherapy for their head and neck cancers at the Alan Walker Cancer Centre (Darwin, 

Northern Territory) were contoured by four radiation oncologists, one radiation oncology 

advanced trainee and two senior radiation therapists. Ten patients were treated with 

conventional multi-field techniques and another five with IMRT where BPs were not used as an 

OAR during radiotherapy planning and dose optimisation.    

In the conventional radiotherapy plans, a shrinking field isocentric technique was used with 

initial opposed lateral photon beams (to 40 – 44 Gy) matched to a half beam-blocked anterior 

lower neck field, followed by shrinking lateral fields (off spinal cord) matched with posterior neck 

electron fields. The total dose was 70 Gy to gross disease, 50-60 Gy to subclinical disease and 

the spinal cord constraint was 45 - 50 Gy.   
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Five patients treated with a dose painting multibeam IMRT technique received 70 Gy (2 Gy per 

fraction) to gross tumour, 63 Gy (1.8 Gy per fraction) to high risk subclinical regions and 56 Gy 

(1.6 Gy per fraction) to low risk subclinical neck regions.  

All 15 patients were de-identified and imported to the Pinnacle (version 9.2, Philips, Fitchburg, 

WI, USA) planning system. Strict instructions were given to all seven outliners to contour BPs, 

using the RTOG endorsed protocol, independently in a blinded fashion. Duration and comments 

were recorded on a standardised form created for this project.   

After the completion of the outlining process, all volumes were made available to be inspected 

by all investigators. Then, interobserver variability was reviewed visually by using antero-

posterior digitally-reconstructed-radiographs (AP-DRRs) and planning CT axial images. Figs. 1 

and 2 show the composites for patient 15 (chosen because outliners were well practiced with 

the protocol by that time). A quantitative analysis of all the volumes across all outliners was also 

performed. Dosimetries of BPs were calculated and compared between the two groups 

(conventional multi-field and IMRT).    

Intraclass correlation coefficients (ICC) were calculated for BP volume, outlining duration, mean 

and maximum BP dose obtained by the seven investigators. ICC were used to explore the 

between subject and within subject variation in the data, thus assessing the reliability of multiple 

individuals’ outlining. In order to test whether there was significant learning over time for the 7 

investigators in this study i.e. whether the duration of the procedure was decreased with 

practise, Generalised Estimating Equations (GEE) were used. Mean volumes were calculated to 

enable comparison with the RTOG paper3. Union volumes were also calculated to assess the 

difference between the total and mean volumes as another measure of interobserver variability.  

 

Results 

Table 1 shows patient, tumour and treatment details. All patients had Stage IVA squamous cell 

carcinoma except one with Stage II and one with Stage III. The median age was 57 years 

(range 46 – 81) and all except one patient was male. Table 2 summarises outlining times, 

volumetric and dosimetric analysis of BPs delineated by all outliners. The majority of comments 

made by investigators related to difficulty in identifying anatomical landmarks on CT images, 

unclear instructions in parts of the protocol and conceptual weaknesses of the original paper3. 

Some of these issues are addressed in the discussion section. 

In contrast to Yi et al.4, we found that there was a very significant learning curve with a mean of 

70 minutes (range 35 - 120 minutes) for the first case while after outlining 5 cases, the mean 

duration varied between 13 - 20 minutes (Table 2). Generalized Estimating Equations (GEE) 

were used to show that there was significant learning over time for the 7 investigators in this 

study i.e. it was shown that duration of the procedure decreased as time progressed (i.e. as the 

investigators moved from patient 1 to patient 15). A log linear GEE was used and results 

showed a mean estimate (exponentiated coefficient) of 0.87 (95% Confidence Interval = 0.83, 

0.91) with global P value <0.0001. For each consecutive patient examined, about a 13% 
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decrease in duration of procedure (in minutes) is expected (mean estimate = 0.87; 95% CI: 

0.83, 0.91).  Although the learning curve for radiation therapists was found to be steeper than 

that of clinicians (87-120 versus 35-70 minutes to contour the first patient, respectively), the 

difference became less marked after five patients (10-45 versus 9-21 minutes to contour the last 

ten patients) and their volumes were found to be satisfactory when reviewed by radiation 

oncologists. The mean volume delineated by radiation therapists and clinicians were 

comparable: 18.3 cc (range 11 - 26 cc) vs 21.8 cc (12.2 - 40.7 cc), respectively.  

On visual inspection (by all outliners), minimal and significant interobserver variability were 

noted above and below the level of the T1 nerve roots, respectively. The volumes of BPs in our 

study were found to be smaller than those described in the original paper3, with a mean volume 

of 20.8 cc (range 11 - 40.7 cc) as opposed to 33 +/- 4 cc (range 25.1 - 39.4 cc). The mean 

values of mean dose, maximum dose, V60Gy, V66Gy and V70Gy for patients treated with 

conventional radiotherapy and IMRT were comparable: 42.2 Gy vs 44.8 Gy, 64.5 Gy vs 68.2 

Gy, 6.1% vs 7.6%, 2.9% vs 2.4% and 0.6% vs 0.3% respectively. We report these values for 

comparison with the original RTOG paper3.The union and mean BP volumes of all seven 

outliners are shown in Table 3. As the union volume represents a combination of all volumes 

outlined by different investigators, the enormous difference in union and mean volumes 

indicates very significant interobserver variability. Dose volume histograms of BPs for Patient 15 

are shown in Fig. 3.  

Three of the variables had an ICC that indicate a satisfactory level of reliability (considered to be 

>0.7): outlining duration (ICC=0.86 (95% CI: 0.80, 0.91)), mean dose (ICC=0.71 (95% CI: 0.59, 

0.80)) and maximum dose (ICC=0.98 (95% CI: 0.97, 0.99)). On the other hand, BP volume had 

an ICC indicating a weaker level of reliability (ICC=0.38 (95% CI: 0.19, 0.54)). Box-and-

Whiskers Plots of the BP volumes, duration, mean dose and maximum dose are shown in 

Figure 4. Figures 4B and 4D demonstrate a general lack of variability in the data for each 

patient, with box plots that generally have a small interquartile range, short whiskers and no 

outliers. Figure 4C demonstrates a little more variability, but Figure 4A shows substantial 

variability. This mirrors the ICC results which show that there is a high degree of reliability 

between outliners for outlining duration, maximum dose and mean dose, but not for volume. 

Therefore, outlining duration, mean dose and maximum dose are consistent among participants, 

but not BP volume.  

One patient was lost to follow up and the median duration of follow up for the remaining 14 was 

11 months (range 1 - 27 months). During this (relatively short) period, no patient was reported to 

develop neurological symptoms suggestive of RIBP. 

 

Discussion 

This appears to be the first external evaluation of the RTOG-approved BP contouring atlas 

described by Hall et al. in 20083. We have found the atlas to be a useful guide to outline BPs but 

we do believe that caution should be exercised in its application based upon our observations.  
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Although IMRT is now a standard technique to treat head and neck cancer patients around the 

world, BPs are not routinely contoured. Cisplatin, which is commonly employed in concurrent 

chemoradiotherapy in head and neck cancer patients, is the most neurotoxic among platinum 

agents and induces mainly sensory neuropathy of upper and lower extremities5. Hence, the 

addition of this neurotoxic agent is likely to increase the risk, although this is poorly quantified. 

To minimise the incidence of late irreversible toxicities such as RIBP in cancer survivors, careful 

attention to the dose received by OARs during radiotherapy planning is essential.  

Chen et al. recently reported that the rate of positive neurological symptoms following head and 

neck radiotherapy was 22% at more than 5 years follow up but only 40% (133 patients) in the 

study received concurrent chemotherapy6. Although the dose of radiotherapy in breast cancer 

patients is generally lower than that of head and neck cancer patients, one study reported that 

the percentage of patients free from RIBP was 96.1%, 75.5%, 72.1% and 46% after 5, 10, 15 

and 19 years respectively7. During the limited follow-up period of our study, no RIBPs were 

detected, but this may well change with longer follow-up as the median interval from 

radiotherapy to occurrence of plexopathy has been reported to be 1-4 yrs or longer8.  

A recent study reported that the mean irradiated dose to BP was significantly increased in 

patients treated with IMRT compared to conventional radiotherapy9. In that study, radiotherapy 

plans of patients with head and neck cancer treated with IMRT were replanned using a 

conventional technique. Although we did not replan cases, the mean dose, maximum dose, 

V60Gy, V66Gy and V70Gy in our study were comparable (Table 2). Of course, the figures for 

IMRT could be improved if constraints for BPs were set at the time of inverse planning. In our 

department, OAR dose constraints follow our departmental head and neck IMRT protocol using 

evidence based guidelines including the National eviQ guidelines10. However, depending on the 

location and size of the primary tumour and positive regional lymph nodes, constraints may 

need to be individualised and this process could influence BP dosimetry.  

IMRT is used to achieve greater dose conformity to complex target volumes and to spare critical 

structures, but the time to outline these targets and OAR is significantly longer. Although 

structures such as parotid and spinal cord are often contoured by radiation therapists, complex 

structures such as BPs are contoured by radiation oncologists only. We invited two senior 

radiation therapists to participate in our project by outlining BPs using the RTOG protocol. Our 

peripheral center has only one permanent radiation oncologist but an adequate radiation 

therapist workforce. In centres like ours, we believe that radiation therapists should also be 

allowed to outline organs at risk including BPs if they are provided with training and a 

comprehensive set of guidelines.     

There were some discrepancies among outliners in delineating cervical nerve roots. In 

particular, the majority (5 of 7) started outlining the first nerve root of the BP at the C5-6 

intervetebral foramen level. In addition, although the BP classically has 5 nerve roots on each 

side, the majority of outliners (again 5 of 7) initially contoured only 4. They were influenced by 

the AP-DRR in both of the published papers which showed only 4 pairs of nerve roots (omitting 

C5), given that the instructions on this issue were unclear3,4. We corresponded with authors of 

the papers and confirmed that five nerve roots (C5-T1) were intended to be contoured.  
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We take this opportunity to briefly describe the course of cervical nerve roots for readers to 

avoid confusion in contouring BPs. There are eight pairs of cervical nerves. The first seven (C1-

C7) emerge above their respective vertebrae but the C8 nerve roots come out below the C7 

vertebra and above the first thoracic vertebra (T1). Therefore, the uppermost nerve root of the 

brachial plexus (C5) exits the spine via the C4-5 intervertebral foramen on each side while the 

lowermost nerve root (T1) via the T1-2 intervertebral foramen (i.e. below the C4 and T1 

vertebral bodies respectively). In most of the population, the BP is formed by the anterior 

divisions of five spinal nerve roots (C5 to T1), but some individuals may receive variable 

contributions from C4 and T211, 12, 13.  

In contrast to Yi et al, we did find not only a significant learning curve but also significant 

interobserver variation, as demonstrated by the wide range of BP volumes among outliners and 

a significant difference between the union and mean volumes (Tables 2 and 3). Having also 

found a wide range of dose levels, including mean, max, V60Gy, V66Gy and V70Gy, we would 

like to highlight that inconsistent contouring will obviously affect the apparent dose to this OAR. 

The statistical analysis using ICC similarly showed inconsistency in outlining volumes among 

observers.  

We also point out that, as was the case in the original papers, the BP images shown in Fig. 1 

are clearly “non-anatomical” in that the nerves appear to exit horizontally and then turn down at 

right angles. This is quite different to reality. The guidelines are intended for high dose and high 

precision head and neck radiotherapy techniques like IMRT where a few mm inaccuracy in 

outlining may make an enormous difference to the putative doses received. Due to the 

limitations of CT, we believe that the published protocol should be considered at best a first 

order approximation. Either magnetic resonance imaging (MRI) fusion or an MRI simulator 

would be required to more accurately outline the actual course of the nerves. We also propose 

the term “brachial-plexus-regions (BPR)” to indicate a region where the BP is likely to be 

present, rather than a structure readily visible on planning CT, such as parotid or spinal cord. 

Consequently, BPR should in principle be contoured generously until or unless MRI is used in 

the planning process. Future studies should consider developing BP contouring protocols using 

MRI with the help of radiologists or anatomists. One such study has recently been published 

and it is interesting to note that the mean inclusion of anatomically validated BP volumes using 

the RTOG atlas3 in that study was only 37.75%14. This adds further to our reservations about 

the clinical reliability of the RTOG atlas. 

Our study has some limitations. The number of outliners was only seven, including two radiation 

therapists, limiting our ability to make comparisons between the two disciplines. The 

interobserver variability noted would presumably decline after collaborative feedback. The 

variability was assessed qualitatively (visually with reference to the axial CT and AP-DRR 

images) and quantitatively (by measuring the union of all volumes and by a statistical analysis). 

We felt that this was sufficient and did not attempt a quantitative comparison of volumes using 

more sophisticated software. Lastly, follow-up was too short to estimate the true incidence of 

RIBP in our cohort at the time of writing. 
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Conclusions 

To our knowledge, this is the first independent external evaluation of the RTOG approved BP 

atlas. We conclude that the atlas provides a set of guidelines which can be used by both 

radiation oncologists and radiation therapists but we have identified some significant issues with 

the published protocol. We have found a distinct learning curve as well as substantial 

interobserver variations, especially the superior and inferior extent of the BPs and BP volumes. 

Although BP should be contoured on a routine basis to avoid dose dumping, we therefore 

recommend readers exercise caution when using the protocol. We propose a new term BPR to 

highlight the fact that BPs are not radiologically visible on CT but regions where they are likely 

to present and which should be contoured generously if in doubt.  
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Figure legends 

Fig. 1. Antero-posterior digitally-reconstructed-radiograph of brachial plexus volumes outlined by 

clinicians (A), radiation therapists (B) and all outliners (C) for Patient 15.. 

Fig. 2. Axial computed-tomography images of brachial plexuses volumes for Patient 15 outlined 

by all outliners. (A) C5 nerve root level (B) C5 vertebra level (C) C6 nerve root level (D) C6 

vertebra level (E) C7 nerve root level (F) C7 vertebra level (G) C8 nerve root level (H) T1 

vertebra level (I) T1 nerve root level (J) T2 vertebra level.  

Fig. 3. Dose volume histograms of brachial plexuses for Patient 15. 

Fig. 4. Statistical analysis of brachial plexus volumes outlined by all seven investigators using 

the Intraclass Correlation Coefficient. (A) distribution of volumes (B) distribution of outlining 

duration (C) distribution of mean dose (D) distribution of maximum dose .  
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Fig. 1. Antero-posterior digitally-reconstructed-radiograph of brachial plexus volumes outlined by clinicians 
(A), radiation therapists (B) and all outliners (C) for Patient 15..  

99x234mm (300 x 300 DPI)  
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Fig. 2. Axial computed-tomography images of brachial plexuses volumes for Patient 15 outlined by all 
outliners. (A) C5 nerve root level (B) C5 vertebra level (C) C6 nerve root level (D) C6 vertebra level (E) C7 
nerve root level (F) C7 vertebra level (G) C8 nerve root level (H) T1 vertebra level (I) T1 nerve root level (J) 

T2 vertebra level.  
206x384mm (96 x 96 DPI)  
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Fig. 3. Dose volume histograms of brachial plexuses for Patient 15.  
311x271mm (96 x 96 DPI)  
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Table 1. Patient, tumour and treatment details (all squamous cell carcinomas prescribed 70 Gy in 35 

fractions over 7 weeks) 

 

Stage Tumour site Radiotherapy 
technique 

Concurrent 
systemic 
therapy 

Time from 

completion to last 

follow-up (months) 

1 

 

Stage IVA 

T4aN2cM0 

Vallecula  Conventional 

multifields 

Cetuximab 

 

9 

2 Stage II T2N0M0 Left tonsil Conventional 

multifields 

No chemo 15 

3 Stage IVA 

T4aN2cM0  

Right tonsil  Conventional 

multifields 

Cisplatin 17 

4 Stage IVA T4aN1M0 Base of tongue  Conventional 

multifields 

Cetuximab 27 

5 Stage IVA T3N2aM0 Larynx Conventional 

multifields 

No chemo 9 

6 Stage IVA T2N2aM0 Vallecula  Conventional 

multifields 

Cisplatin 23 

7 Stage IVA T4N0M0 Nasopharynx  Conventional 

multifields 

No chemo 1 

8 Stage IVA 

T4aN2cM0 

Supraglottis  Conventional 

multifields 

No chemo 7 

9 Stage IVA T4aN0M0 Floor of mouth  Conventional 

multifields 

Cetuximab 23 

10 Stage IVA 

T4aN2bM0 

Soft palate Conventional 

multifields  

No chemo 12 

11 Stage IVA 

T4aN2cM0 

Base of tongue  IMRT Cetuximab 9 

12 Stage III T3N0M0 Soft palate  IMRT Cisplatin 18 

13 Stage IVA T2N2cM0 Base of tongue  IMRT Cetuximab Lost follow up 

14 Stage IVA T2N2cM0 Right tonsil  IMRT Cisplatin 7 

15 Stage IVA 

T4aN2cM0 

Right oral tongue  IMRT Cetuximab 5 

 Abbreviations: IMRT = intensity-modulated radiotherapy 
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Table 2. Dosimetric and volume analysis of brachial plexuses outlined by all seven participants 

 Conventional radiotherapy 
  

IMRT 

 Patient 1 
 
Patient 2 

 
Patient 3 

 
Patient 4 

 
Patient 5 

 
Patient 6 

 
Patient 7 

 
Patient 8 

 
Patient 9 

 
Patient 10 

  
Patient 11 

 
Patient 12 

 
Patient 13 

 
Patient 14 

 
Patient 15 

 
Mean outlining 
duration 
(minutes) 

 
69.6 36.9 33.6 30.0 24.6 20.0 17.6 17.6 18.0 19.3 

 

16.1 13.7 17.1 13.3 14.7 

Range 35-120 25-60 25-43 20-45 10-35 14-30 12-30 11-22 10-35 10-45  10-30 10-20 10-25 10-20 9-30 
 
Mean volumes 
(cc) 20.0 23.1 22.2 26.6 18.2 23.5 16.9 20.1 17.4 24.1 

 

21.2 17.7 18.3 23.2 19.4 

Range 17.8-27.9 20.3-28.6 19.7-26.3 13.2-40.7 13-25.4 17.5-32.5 12.9-29.5 15.8-31.3 12.2-25.1 17.3-39.9  16.1-29.4 11.8-25.6 11.0-30.8 17.0-32.5 14.6-28.7 

 

Mean 
(average) 
mean dose 
(Gy) 43.1 45.8 32.6 44.6 48.4 47.1 39.8 41.7 39.1 40.2 

 

44.5 40.8 49.5 47.3 42.1 

Range 38-48.9 35.3-53.0 27.8-43.3 39.5-48.4 42.5-53.3 39.5-53.2 30.4-44.4 31.4-45.7 28.9-49.4 33.7-50.0  37.5-53.1 34.7-44.9 43.4-54.4 41.4-53.9 37.8-45.3 

 

Mean 
(average) 
maximal dose 
(Gy) 53.3 70.2 58.9 83.1 70.5 68.1 52.1 72.4 54.5 61.3 

 

67.2 62.5 72.8 72.6 65.9 

Range 51.7-55.8 68.7-71.1 51.1-64.6 81.1-84.6 69.9-71.4 66.7-69.2 51.3-52.9 71.2-72.8 53.0-55.3 55.5-73.1  66.7-67.3 61-63.3 71.4-74.1 69.9-75.3 65.1-66.8 
 

Mean V60 Gy 
(%) 0.0 14.1 0.1 6.0 20.6 8.7 0.0 9.4 0.0 1.0 

 

9.4 0.7 19.6 3.7 4.6 

Range 0 5.5-21.5 0-0.2 4.0-8.6 14.9-28.9 4.4-12.8 0 7.0-11.5 0 0-6.7  6.4-14.7 0-2.1 13-23.9 1.7-6.4 2.3-7.6 

 

Mean V66 Gy 
(%) 0.0 8.2 0.0 4.5 9.9 0.7 0.0 3.8 0.0 0.7 

 

0.9 0.0 9.5 1.6 0.0 

Range 0 1.5-15.1 0 2.8-6.7 4.9-17.8 0.1-2.2 0 2.0-5.2 0 0-4.6  0.1-2.0 0 6.0-11.4 0.4-4.1 0-0.1 

 

Mean V70 Gy 
(%) 0.0 0.1 0.0 3.6 0.4 0.0 0.0 1.5 0.0 0.4 

 

0.0 0.0 1.0 0.6 0.0 

Range 0 0-0.5 0 2.2-5.1 0-2.4 0 0 0.1-2.5 0 0-2.6  0 0 0.3-2.2 0-2.6 0 

Abbreviations: IMRT = intensity-modulated radiation therapy; Vx Gy (%) = percentage volume of brachial plexuses receiving x Gy or greater 
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Table 3 The sum (union) and mean brachial plexus volumes of all seven outliners 

 

 Union of all 
volumes (cc) 

Mean Volume 
(cc) 

BP01 62.9 20.0 
BP02 76.7 23.1 
BP03 74.4 22.2 
BP04 87.8 26.6 
BP05 56.9 18.2 
BP06 77.8 23.5 
BP07 53.4 16.9 
BP08 71.2 20.1 
BP09 58.7 17.4 
BP10 81.9 24.1 
BP11 62.6 21.2 
BP12 55.4 17.7 
BP13 58.4 18.3 
BP14 72.6 23.2 
BP15 64.0 19.4 
Median 64.0 20.1 
Range 53.4 - 87.8 16.9 – 26.6 

   BP = brachial plexus 
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