
	 1 

Achieving assessor accuracy on the International Standards for 1	

Neurological Classification of Spinal Cord Injury 2	

  3	

 4	

*Alexander J Armstrong MBBS1, *Jillian M Clark, PhD2, Daniel T Ho1, MBBS 5	

Cameron J Payne MBBS1, Sherilyn Nolan BAppSc (Physio)3,6, Louise M 6	

Goodes BAppSc (Physio)6, Lisa A Harvey BAppSc (Physio), PhD4, Ruth 7	

Marshall MBBS, FAFRM (RACP)2, Mary P Galea BAppSc (Physio), BA, 8	

PhD5, Sarah A Dunlop, BSc (Hons) PhD6  9	

 10	

1 Faculty of Medicine, Dentistry and Health Science, The University of Western 11	

Australia, Crawley, WA 6009, Australia 12	

2 South Australian Spinal Cord Injury Research Centre, Centre for Orthopedics 13	

and Trauma Research, Faculty of Health Sciences, The University of Adelaide, 14	

Adelaide, SA 5055, Australia 15	

3 Department of Physiotherapy, Royal Perth Hospital, WA 6000, Australia 16	

4 John Walsh Centre for Rehabilitation Research, Sydney School of Medicine, 17	

University of Sydney, & Kolling Institute, Royal North Shore Hospital, NSW, 18	

2065, Australia 19	



	 2 

5 Department of Medicine (Royal Melbourne Hospital), The University of 20	

Melbourne, Parkville, VIC 3010, Australia 21	

6 School of Biological Sciences, The University of Western Australia, Crawley, 22	

WA 6009, Australia 23	

 24	

* Share equal first authorship 25	

 26	

Corresponding author: Sarah A Dunlop 27	

Mailing address: The University of Western Australia (M092) 35 Stirling 28	

Highway CRAWLEY WA 6009 Australia. Telephone:  (+61 8) 6488 2237. 29	

Fax: (+61 8) 6488 1029. E-mail: sarah.dunlop@uwa.edu.au 30	

 31	

The SCIPA Trial Collaborators 32	

Name Institution Role 
Ashleigh Welten Royal Perth Hospital, 

Perth, Western Australia 
Blinded assessor 

Bec Kevill Royal Perth Hospital, 
Perth, Western Australia 

Blinded assessor 

Bini Rappenport  Royal Perth Hospital, 
Perth, Western Australia 

Blinded assessor 

Brad Stewart Royal Perth Hospital, 
Perth, Western Australia 

Blinded assessor 

Camila R Battistuzzo Austin Health, 
Heidelberg, Victoria, 
Australia 

Blinded assessor 



	 3 

Carey Bayliss Princess Alexandra 
Hospital 
Woolloongabba, 
Queensland, Australia 

Blinded assessor 

Christine Rimmer Royal Perth Hospital, 
Perth, Western Australia 

Blinded assessor 

Claire Boswell-Ruys Prince of Wales 
Hospital, Sydney, New 
South Wales & 
Royal Rehabilitation 
Centre, Sydney, New 
South Wales 

Blinded assessor 

Deanna Davies Burwood Academy of 
Independent Living, 
Christchurch, New 
Zealand 

Blinded assessor 

Debra Lyon Royal Perth Hospital, 
Perth, Western Australia 

Blinded assessor 

Fiona McHugh Royal Perth Hospital, 
Perth, Western Australia 

Blinded assessor 

Greg Ungerer Princess Alexandra 
Hospital 
Woolloongabba, 
Queensland, Australia 

Blinded assessor 

Jacqui Agostinello Austin Health, 
Heidelberg, Victoria, 
Australia 

Blinded assessor 

Joanna Steele Burwood Academy of 
Independent Living, 
Christchurch, New 
Zealand 

Blinded assessor 

Judith Elliott Royal Perth Hospital, 
Perth, Western Australia 

Blinded assessor 

Julie Bullick Royal Perth Hospital, 
Perth, Western Australia 

Blinded assessor 

Justine Chong Royal Perth Hospital, 
Perth, Western Australia 

Blinded assessor 

Kara Burgess Princess Alexandra 
Hospital 
Woolloongabba, 

Blinded assessor 



	 4 

Queensland, Australia 
Kate Schleicher Royal Perth Hospital, 

Perth, Western Australia 
Blinded assessor 

Keegan Bow Austin Health, 
Heidelberg, Victoria, 
Australia 

Blinded assessor 

Leanne Tao Austin Health, 
Heidelberg, Victoria, 
Australia 

Blinded assessor 

Madeleine Trewartha South	Australian	Spinal	
Cord	Injury	Service	
Hampstead	
Rehabilitation	 Centre,	
South	Australia	

Blinded assessor 

Maya Panisset Austin Health, 
Heidelberg, Victoria, 
Australia 

Blinded assessor 

Maree Walters Auckland Spinal 
Rehabilitation Unit, 
Auckland, New Zealand 

Blinded assessor 

Mark Adams Burwood Academy of 
Independent Living, 
Christchurch, New 
Zealand 

Blinded assessor 

Melissa Wallace Princess Alexandra 
Hospital 
Woolloongabba, 
Queensland, Australia 

Blinded assessor 

Michelle Murphy Royal Perth Hospital, 
Perth, Western Australia 

Blinded assessor 

Paul Kopanidis Austin Health, 
Heidelberg, Victoria, 
Australia 

Blinded assessor 

Sam Nellini Royal Perth Hospital, 
Perth, Western Australia 

Blinded assessor 

Sarah Procter Royal Perth Hospital, 
Perth, Western Australia 

Blinded assessor 

Sarah Rose Royal Perth Hospital, 
Perth, Western Australia 

Blinded assessor 

Sharon Roberts Royal Perth Hospital, Blinded assessor 



	 5 

Perth, Western Australia 
Tara Martin Burwood Academy of 

Independent Living, 
Christchurch, New 
Zealand 

Blinded assessor 

Hannah Withers Royal Rehabilitation 
Centre, Sydney, New 
South Wales, Australia 

Site coordinator 

Jacqui Abel Auckland Spinal 
Rehabilitation Unit, 
Auckland, New Zealand 

Site coordinator 

Janette Alexander Austin Health, 
Heidelberg, Victoria, 
Australia 

Site coordinator 

Jo Nunnerley Burwood Academy of 
Independent Living, 
Christchurch, New 
Zealand 

Site coordinator 

Julie Bullick Royal Perth Hospital, 
Perth, Western Australia 

Site coordinator 

Kate Wisby Royal Perth Hospital, 
Perth, Western Australia 

Site coordinator 

Sherilyn Nolan Royal Perth Hospital, 
Perth, Western Australia 

Site coordinator 

Trent Li The Prince of Wales 
Hospital, Randwick, 
New South Wales, 
Australia 

Site coordinator 

Valerie Pick Princess Alexandra 
Hospital 
Woolloongabba, 
Queensland, Australia 

Site coordinator 

 33	

Running Title: Accuracy audit of ISNCSCI Classification  34	



	 6 

ABSTRACT  35	

Study design: A retrospective audit of assessor accuracy using the International 36	

Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI) in 37	

three multi-centre randomised controlled trials (SCIPA: Spinal Cord Injury and 38	

Physical Activity) spanning 2010-2014 with standards revised in 2011. 39	

Objective: To investigate assessor accuracy of neurological classification after 40	

spinal cord injury.  41	

Setting: Australia and New Zealand. 42	

Methods: ISNCSCI examinations were undertaken by trained clinicians prior 43	

to randomisation. Data were recorded manually and ISNCSCI worksheets 44	

circulated to panels, consensus reached and worksheets corrected. An audit 45	

team used a 2014 computerised ISNCSCI algorithm to check manual 46	

worksheets. A second audit team assessed whether the 2014 computerised 47	

algorithm accurately reflected pre- and post-2011 ISNCSCI standards.   48	

Results: Of the 208 ISNCSCI worksheets, 24 were excluded. The remaining 49	

184, 47 (25.5%) were consistent with the 2014 computerised algorithm; 137 50	

(74.5%) contained one or more errors. Errors were in motor (30.1%) or sensory 51	

(12.4%) levels, zone of partial preservation (24%), motor/sensory scoring 52	

(21.5%), ASIA Impairment Scale (AIS, 8.3%) and complete/incomplete 53	
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classification (0.8%). Other difficulties included classification when anal 54	

contraction/sensation was omitted, incorrect neurological levels and violation of 55	

the ‘motor follows sensory rule in non-testable myotomes’ (7.4%). Panel errors 56	

comprised corrections that were incorrect or missed or incorrect changes to 57	

correct worksheets. 58	

Conclusion: Given inaccuracies in the manual ISNCSCI worksheets in this 59	

long-term clinical trial setting, continued training and a computerised algorithm 60	

are essential to ensure accurate scoring, scaling and classification of the 61	

ISNCSCI, and confidence in clinical trials. 62	

Keywords: Spinal cord injury, classification accuracy, sensory and motor 63	

scores, neurological level of injury, complete, incomplete 64	

65	
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INTRODUCTION 66	

 67	

Three multicentre randomised controlled trials, collectively termed SCIPA 68	

(Spinal Cord Injury and Physical Activity), investigated the potential for 69	

various modes of intensive physical therapies to improve recovery after spinal 70	

cord injury (SCI).(3, 4) As for many SCI trials (5, 6) SCIPA is using the 71	

American Spinal Injury Association (ASIA) International Standards for the 72	

Neurological Classification of Spinal Cord Injury (ISNCSCI) (7) for 73	

stratification of participants. (2-4) In addition, as for other SCI trials, elements 74	

of the ISNCSCI were used as outcome measures (2-4).  75	

The ISNCSCI was first developed in 1982 to ensure precision in classification 76	

of SCI, as well as accurate communication between physicians and researchers, 77	

and has since undergone regular revision and improvement (1, 8-10) i.e. in 78	

2003 and 2011 with the most recent version being published in 2015, after the 79	

completion of this study.(7) The ISNCSCI involves two broad clinical skills, 80	

the first being the psychomotor skill of physical examination of a patient 81	

involving scoring of sensory and motor functions coupled with S4/5 dermatome 82	

and anorectal testing. A number of studies have examined both validity and 83	

reliability of neurological examinations and have highlighted the importance of 84	

examiner training.(11-17) The overall conclusion is that the ISNCSCI is an 85	
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appropriate instrument for use by multiple examiners to discriminate, as well as 86	

evaluate, patients with SCI and to do so longitudinally.(13, 14, 16) 87	

Nevertheless, continuing investigation of the ISNCSCI has been recommended 88	

to examine, for example, how elements are related to minimal clinically 89	

important differences and functional measures such as activities of daily living 90	

as well as to standardise the correct classification of challenging cases.(18-20)  91	

In addition, the International Standards committee of the ASIA has agreed to 92	

review, and if necessary revise, the Standards every 3 years.(1) 93	

The second skill, which is the focus of this study, is cognitive and involves 94	

classifying the injury using the examination data. The classification procedure 95	

involves establishing motor and sensory levels as well as a single neurological 96	

level of injury, total motor and sensory scores, an ASIA Impairment Scale 97	

(AIS) and severity of injury (complete/incomplete). In addition, for complete 98	

injuries, ISNCSCI involves establishing zones of partial preservation (ZPP).(1, 99	

9) Earlier studies have revealed challenges in achieving correct classification 100	

(12) whilst others have shown that training results in significant improvements 101	

in all components of the classification procedure.(11, 21-23) Notably, a recent 102	

European Multicentre Study on Human Spinal Cord Injury (EMSCI) showed 103	

that, regardless of trainee experience in SCI medicine, 2-day formal training 104	

sessions significantly improved classification skills.(23) 105	
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The SCIPA trials variously have involved all 8 spinal units in Australia and 106	

New Zealand with patient recruitment spanning 2010-2014. Blinded assessors 107	

employed at participating sites were qualified physiotherapists and occupational 108	

therapists. All had extensive experience in working with SCI patients and 109	

experience in SCI rehabilitation. Undergraduate and postgraduate training on 110	

the ISNCSCI physical examination and assessment was variable. Some 111	

Australian blinded assessors attended undergraduate lectures and practical 112	

classes on the ISNCSCI, and then, as postgraduates, participated in specialist 113	

practicums under the direction of senior staff during 6-month rotations on 114	

spinal wards. The majority of blinded assessors at New Zealand sites had 115	

limited under- or postgraduate training, since medical practitioners typically 116	

conduct the ISNCSCI. Prior to the start of each trial, blinded assessors from 117	

both Australia and New Zealand received training on the ISNCSCI (see below). 118	

As part of quality control, we formed panels for each trial comprising 119	

experienced SCI clinicians (rehabilitation specialists, physiotherapists) as well 120	

as clinician and scientific researchers who were chief investigators and who 121	

were charged with checking blinded assessor manual ISNCSCI charts.  122	

Given the challenges in ISNCSCI classification (11, 12, 21, 22) and the fact 123	

that, in other studies, errors occurred even after formal training (23), we 124	

undertook a pilot study to assess the accuracy of a subset of ISNCSCI 125	
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worksheets in one of the SCIPA trials.(24) Of the 20 worksheets examined, we 126	

identified inaccuracies in AIS classification, motor and sensory levels, and 127	

motor and sensory ZPP.(24) We therefore expanded the study to check the 128	

accuracy of the entire sample of 208 ISNCSCI worksheets generated manually 129	

in the three SCIPA trials. Previous studies have developed computerised 130	

algorithms (25-27) that have been validated (25, 27) particularly for use in 131	

difficult cases (e.g. instances where several dermatomes/myotomes are classed 132	

as non-testable).(27) We took advantage of the freely available online 133	

computerised Rick Hansen Institute algorithm (v1.0.3, 2014) 134	

(http://www.isncscialgorithm.com (28)) that was only available at the 135	

conclusion of the three SCIPA trials and recently validated.(29)  136	

METHODS 137	

SCIPA trials 138	

Protocols have been published for each trial.(2-4)  139	

 140	

Use of the ISNCSCI  141	

Prior to the start of each trial, a formal ISNCSCI training workshop was held at 142	

the Royal Talbot Rehabilitation Centre, Melbourne for staff from participating 143	

sites across Australia and New Zealand. Training involved a two-hour 144	
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interactive seminar from a practising clinician routinely involved in ISNCSCI 145	

examination, classification and training followed by two hours of presenting 146	

example cases, testing and facilitated group discussions. For participants 147	

already experienced in the ISNCSCI assessment, the workshop provided an 148	

opportunity to refresh and update skills.  149	

For each trial, full ISNCSCI assessments were performed at baseline prior to 150	

randomisation of participants to treatment group. A total of 208 ISNCSCI 151	

worksheets were completed manually, scanned, sent as soft copies to the 152	

SCIPA Program Coordinator and then emailed to the respective panels involved 153	

in each trial. They were required to check the AIS grade because this was used 154	

to stratify participants in the SCIPA Full-On (3) and SCIPA Switch-On (4) 155	

trials and to describe the sample; for the Hands-On trial, stratification was by 156	

baseline ARAT score.(2)  Consensus amongst panels was reached via email and 157	

communicated to the Program Coordinator. Where necessary, ISNCSCI 158	

worksheets were corrected by pen and classifications entered into the SCIPA 159	

database.  160	

Because the trials spanned 2010-2014 and a revision of the ISNCSCI was 161	

published partway through the trials, i.e. in 2011 (9) we used the 2003 standards 162	

(30) for the two trials that had started before 2011 and the 2011 standards (2, 4) 163	

for the third trial that started after 2011.(3) 164	
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 165	

To check the accuracy of the manually completed ISNCSCI worksheets, an 166	

audit team was formed (AA, DH and CP, 5th-year medical students supervised 167	

by SD). Their role was to enter the data from each manually completed 168	

ISNCSCI worksheet into the Rick Hansen Institute algorithm (v1.0.3). The 169	

audit team then compared the manual and computerised classifications and 170	

identified errors (see below). To ensure thorough understanding of the 171	

ISNCSCI, the audit team received training on ISNCSCI examination and 172	

classification at Royal Perth Hospital (RPH), Shenton Park Spinal Unit. RPH 173	

physiotherapists and senior spinal nursing staff who routinely use the ISNCSCI 174	

demonstrated several examinations, manual data recording on ISNCSCI 175	

worksheets, as well as clarifying any areas of difficulty in classification.  176	

Analysis 177	

At the conclusion of the trials, hard copies of the ISNCSCI worksheets, whether 178	

corrected or not, were posted by the Program Coordinator to the RPH site. The 179	

three members of the audit team used the Rick Hansen Institute ISNCSCI 180	

algorithm (v1.0.3) (28) to check the accuracy of ISNCSCI manual worksheets. 181	

Thus, each member of the audit team reviewed each of the 184 manual 182	

worksheets using the algorithm. 183	
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To take account of changes in the standards between 2003 and 2011, a separate 184	

audit team of physiotherapists trained in the ISNCSCI assessment (JC, SN, 185	

MG) checked the manual ISNCSCI worksheets again without the use of any 186	

computerised algorithm. The second audit team was directed to utilise the 2003 187	

standards (30) for the 2 trials that started before 2011, (2, 4) and the 2011 188	

standards (3) for the trial that started after 2011. The data were then cross-189	

checked against those derived from the 2014 computerised algorithm (Figure 190	

1). 191	

Variables were coded into 5 broad categories: motor and sensory levels, AIS, 192	

complete/incomplete status, ZPP (sensory & motor) and summed sensory and 193	

motor scores (Figure 2); these follow categories and their abbreviations as 194	

described previously (1, 9). For all variables, a yes/no classification was 195	

assigned based on accuracy of the original examiner judgement. Where errors 196	

were made in motor and sensory levels and summed motor/sensory scores, the 197	

degree of inaccuracy was documented as, for example, left motor level two 198	

levels too high, right motor score five points too low, etc. In instances where 199	

the same error was made for both the left and right sides (i.e. motor and sensory 200	

levels and ZPP), these were counted as one, and not two, errors. A total of 16 201	

different sub-classes of errors were identified and evaluated (Figure 2, Table 1).  202	
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Data were tabulated using Microsoft Excel with correctness marked with yes/no 203	

(y/n).  Simple, descriptive statistics (counts, percentages) were applied to non-204	

parametric data.  Copies of all computerised ISNCSCI worksheets were 205	

submitted to the SCIPA Program Coordinator and any errors corrected on the 206	

SCIPA database.  207	

Statement of ethics 208	

We certify that all applicable institutional and hospital regulations concerning 209	

the ethical use of human volunteers were followed during the SCIPA trials.(2-4) 210	

For this audit, patient and examiner consent was obtained for training but 211	

ethical approval was not required because training was for educational purposes 212	

and not data collection.  213	

 214	

RESULTS  215	

Identification of errors 216	

 217	

Of the 208 ISNCSCI manual worksheets from the three SCIPA trials, 12 were 218	

excluded due to illegible handwriting and 12 were excluded because there were 219	

dermatomes/myotomes that were ‘non-testable’ and thus motor and sensory 220	

levels as well as motor and sensory scores were classified as ‘unable to 221	
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determine’ (Figure 1). The remaining 184 manual charts were reviewed by the 222	

audit team (Figure 1). Forty-seven manual worksheets had no identifiable errors 223	

as revealed by the ISNCSCI algorithm (25.5%) and the remaining 137 (74.5%) 224	

worksheets had one or more, giving a total of 242 errors.  225	

Three sets of errors were identified, namely examiner errors that were correctly 226	

changed by the panels (118 errors; Table 1, column A), examiner errors that 227	

persisted after panel review because they were either incorrectly changed, 228	

missed or not checked (124 errors; Table 1, column B) and errors where the 229	

original examiner ISNCSCI worksheets were correct, but were incorrectly 230	

changed by the panels (30 errors; Table 1, column C).  231	

Since we are primarily interested in the overall error rate of examiner 232	

classification, we included the first 2 sets of errors (242 cases) but excluded 233	

incorrect changes to accurate worksheets made by the panels. For example, 234	

when considering classification of motor level across the three trials, a total of 235	

73 errors were identified (Table 1, column D, 55 + 18 = 73). Of these, 42 were 236	

corrected following panel review (Table 1, column A, 40 + 2 = 42), 31 237	

remained incorrect either because errors were incorrectly changed, not checked 238	

or missed (Table 1, column B, 15 + 16 = 31) and 15 that were initially accurate 239	

but were incorrectly changed (Table 1, column C, 11 + 4 = 15). The motor level 240	

subclass error therefore constituted 30.1% (Table 1, column E, 22.7% + 7.4% = 241	
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30.1%; Figure 3) of the total number of errors in the three trials ([55 + 18]/242). 242	

Because some ISNCSCI worksheets had more than one error (88/184; 47.8% 243	

data not shown), we also calculated the proportion of ISNCSCI worksheets with 244	

each subclass of error. For example, when considering classification of motor 245	

levels across the three trials, 39.7% of ISNCSCI worksheets had errors for this 246	

subclass (Table 1, column F, 29.9% + 9.8%; Figure 4).  247	

Distribution of errors for the five categories of variable 248	

Errors for the 5 categories of variable in all 3 trials are summarised (Table 1, 249	

column E; Figure 3). For neurological levels, we identified a total of 103/242 250	

(42.5%) errors with 73/242 (30.1%) being for motor levels and 30/242 (12.4%) 251	

for sensory levels. Of the 73 (55 + 18 = 73) errors in motor level classification, 252	

18/73 (24.7%) were attributable to errors pertaining to assessment of clinically 253	

non-testable myotomes (violations of the ‘motor follows sensory’ rule). We 254	

also noted that 49/103 (47.6%) of the errors in motor or sensory levels were ≥ 255	

two levels (data not shown). There were 20/242 (0% + 5.4% + 2.9% = 8.3%) 256	

errors for the AIS grade, 2/242 (0.8%) instances of incorrect injury severity 257	

(complete/incomplete) and 58/242 (6.6% + 12.4% + 5.0% = 24%) errors for the 258	

ZPP.  259	

Errors in motor and sensory scores totalled 52/242 (2.5% + 7.4% + 2.1% + 260	

9.5% = 21.5%) and arose either because they were incorrectly summed, not 261	
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done or recorded in the wrong box. Three of these errors were identified by the 262	

panels (Table 1, column A). For the 41 cases where motor and sensory scores 263	

were summed incorrectly, 24/41 (58.5%) were erroneous by ≥ five points (data 264	

not shown). There were 4 instances where the single neurological level of 265	

injury was erroneously recorded in the AIS classification box and 3 instances 266	

where deep anal pressure or voluntary anal contraction was not recorded (Table 267	

1, columns A and B).  268	

Revisions of the standards between 2003 (30) and 2011 (9) are summarised in 269	

Table 2. In brief, there are 5 revisions of which only 2 are pertinent to the 270	

current study. These were C2 / C1 classification, for which we found only 2 271	

worksheets that were inaccurate, as well as when omitting deep anal pressure 272	

assessment is permissible, for which we found only 3 errors. Thus, the changes 273	

between the 2003 and 2011 standards had virtually no impact on the accuracy 274	

of the 2014 algorithm, which was supported by the findings of the second audit 275	

team. The remaining revisions were not pertinent to the current study and 276	

pertain to changing terminology from ‘deep anal sensation’ to ‘deep anal 277	

pressure’, the definition of ZPP, and changes to the worksheet format. In 278	

addition, there were 5 other topics for which clarification was provided in the 279	

revision, namely 1) the examination procedure itself; 2) clarification of the 280	

motor follows sensory rule, which did not change between the 2 standards but 281	
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nevertheless remains a contentious issue; 3) what to document when a complete 282	

injury lacked a ZPP; 4) clarification regarding AIS classification and 5) 283	

utilising non-key muscles in defining the ZPP in otherwise not-testable 284	

muscles. 285	

 286	

When comparing the second audit to that generated using the 2014 algorithm, 287	

there was an overall consistency of 192/and coding the data generated by the 288	

algorithm. The remaining 11 were made by second audit team and were due to 289	

missing errors that were identified by the algorithm. 290	

	291	

DISCUSSION 292	

The ISNCSCI instrument is widely used in clinical trials (5, 6) and accurate 293	

interpretation of neurological assessment following SCI is crucial in 294	

quantifying possible therapeutic responses (31). Here, we identify significant 295	

error rates in manual classification procedures by examiners (153) that were 296	

detected by panels. Strikingly, despite training provided prior to each trial and 297	

after panel review, 124 errors persisted and 30 new errors were introduced. 298	

Some, but not all, errors were detected by the panels but a post-hoc discussion 299	

revealed that not all panels were checking all aspects of the worksheets. The 300	
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findings provide compelling evidence about the inherent challenges in 301	

ISNCSCI assessment and classification and for the fundamental importance of 302	

thorough and continued training and the use of the most current, freely 303	

available online computerised algorithms to ensure classification accuracy 304	

while conducting clinical trials. 305	

Previous studies investigating the accuracy of classification procedures for the 306	

ISNCSCI have examined the effect of training in specific training settings 307	

rather than while undertaking large multi-centre clinical trials. Three studies 308	

used relatively small numbers of trainees and SCI cases. In one study, two 309	

written cases from the 1994 reference manual were used and 15 house officers 310	

were tested two months apart.(22) The remaining two studies also predated the 311	

development of the computerised ISNCSCI algorithm and we assume that they 312	

used written worksheets; one study involved two SCI cases and four experts 313	

(12) and the other two cases and 106 professionals.(11) All three studies 314	

showed significant improvements after training. A more recent study from the 315	

EMSCI reported the benefits of training 106 participants who classified five 316	

challenging SCI cases manually in a total of 10 formal training workshops.(23)   317	

In contrast to the above studies which compared before and after training, 318	

another study took a different approach to determine reliability and repeatability 319	

of the ISNCSCI by training 8 physicians and 8 physical therapists who were 320	



	 21 

then required to evaluate three patients for motor and sensory scores on the 321	

same day as the training day and one patient the following day.(16) The results 322	

showed overall high inter-rater reliability and better repeatability for complete 323	

compared to incomplete patients in this setting. 324	

However, the above studies examined accuracy in specific training settings over 325	

short periods. Our study differs because, while we included training for all 326	

examiners in the trial protocols (2-4), we did not include either pre- or post-327	

training testing of the examiners, nor of the panels and, for practical and 328	

financial reasons, neither did we repeat the training during the course of the 329	

trials. Rather, once we detected errors in our pilot study (24), we decided to use 330	

a computerised ISNCSCI algorithm to examine accuracy of manual 331	

classification procedures undertaken in a real life situation of multi-centre 332	

randomised controlled trials across 8 spinal units in 2 countries over a period of 333	

5 years. To our knowledge, this is the first study of this nature and our findings 334	

highlight the importance of continued training combined with using now freely 335	

available computerised ISNCSCI algorithms. 336	

Our findings are supported by a five-year EMSCI study.(23) Direct comparison 337	

is difficult because the EMSCI study examined the effect of training on 338	

participants’ ability to correctly classify five cases during a two-day workshop 339	

while we examined 184 cases in a real-time randomised control trial scenario 340	
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over a period of five years. The EMSCI study also has two sets of data, i.e. pre- 341	

and post-training. Because our examiners received training, we compared our 342	

data to post-training data from the EMSCI study.(23) Comparison is also 343	

difficult because types of error have been attributed somewhat differently in the 344	

two studies. Nevertheless, in both the EMSCI study and ours (Figure 4 - for 345	

which we converted “correct answers” into “error”), the greatest number of 346	

errors was found in classifying motor levels (EMSCI: 18.1% of worksheets; this 347	

study: 39.7%). The EMSCI study also concluded that clinically non-assessable 348	

myotomes were the most prominent source of difficulty in the ISNCSCI 349	

classification procedure.(23) Violation of the ‘motor follows sensory’ rule in 350	

the levels without testable motor function (C1-4, T2-L1) accounted for 69.7% 351	

of the EMSCI motor level errors.(23) In our study, we found that violation of 352	

this rule accounted for 25% of the motor level errors, emphasising the need to 353	

practice this rule in ISNCSCI training programs.  354	

AIS and complete/incomplete classifications were less prone to error and 355	

similar in both studies (EMSCI: AIS: 11.9%; this study: 10.9%; 356	

complete/incomplete: EMSCI: 3.8%; this study: 1.1%). However, errors in 357	

sensory levels were over five-fold greater in our study (16.3%) compared to 358	

those in the EMSCI study (3.2%).(23) Our identification of high error rates in 359	

ZPP (31.5%) suggests that this aspect also requires attention, along with the 360	
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protocol regarding the implications of calculating scores when there are 361	

dermatomes/myotomes ‘not-testable’, and how to manage cases where 362	

voluntary anal contraction and deep anal pressure sensation are non-363	

examinable.  364	

We also identified miscalculation and summation errors in motor (13.1%) and 365	

sensory (15.2%) scores (Figure 4). Some of these errors were associated with 366	

scores being summed incorrectly (9.8% motor and 12.5% sensory). This is 367	

important because other construct validity studies have identified that clinically 368	

significant improvement correlates with increases in motor scores of five points 369	

or more as well as changes in single neurological levels of two levels or 370	

more.(20) For some studies, errors of this degree in summed motor and sensory 371	

scores and single neurological levels could potentially affect results and 372	

therefore overall interpretation of study effects. However, use of blinded 373	

assessors prevents any impact on between group comparisons because any 374	

errors will not systematically bias the results. Of note, for the three SCIPA 375	

trials, only parts of the ISNCSCI were used as secondary outcome measures. 376	

These were change in upper limb sensory scores for “Hands-On” (2), change in 377	

motor score for “Full-On” (3) and changes in motor and sensory scores for 378	

“Switch-On”.(4) 379	
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Overall, although EMSCI found slightly under one-half the percentage of errors 380	

in motor level (18.1%) compared to this study (39.7%), we found 381	

approximately two-thirds fewer (24.7%) violations of the motor follows sensory 382	

rule compared to EMSCI (69.7%). Similarly, while errors in sensory level were 383	

more than five-fold higher in this study (16.3%) compared to the EMSCI study 384	

(3.2%), errors in AIS and complete/incomplete classification were similarly low 385	

in both studies. The findings suggest that, although training in an EMSCI 386	

workshop setting reviewing five patients over two days results in fewer errors 387	

in, for example, motor and sensory levels compared to this study, errors still 388	

occur even over this short period. Errors in ISNCSCI classification therefore 389	

might not be unexpected over a considerably longer clinical trial period of five 390	

years. In addition, although continued training on ISNCSCI assessments has 391	

been recognised as important,(31) this was not included in our design. Of 392	

concern also are the errors made by the panels. However, post-hoc discussion 393	

revealed that not all panels members checked all aspects of the worksheet so 394	

their error rate may not be a true reflection of their skills. To our knowledge, 395	

this is the first study that incorporated panel consensus in an attempt to ensure 396	

quality control. However, while panel consensus improved accuracy in 51.2% 397	

of cases, in the remainder errors were missed and sometimes introduced by 398	

erroneously changing initially correct charts, suggesting that while continued 399	
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training should be promulgated, the ISNCSCI is inherently complex and 400	

challenging, even for senior practitioners with considerable experience working 401	

with this instrument.  402	

Despite correction for updated consensus guidelines (1,8) our audit identified 403	

multiple formative and systematic assessor errors in ISNCSCI written work 404	

sheets, and did so under protocol controlled conditions. The challenges are to 405	

introduce a standardised method to index written work sheets to in silico 406	

classifications, as exemplified by the on-line Rick Hansen Institute ISNCSCI 407	

classification algorithm and also, to improve the sensitivity and specificity of 408	

the next generation of in silico systems to discriminate complex neurology. The 409	

introduction of a standardised method for the categorisation of “complex” and 410	

“non-complex” neurology within the INSNCSCI written work sheet and its 411	

electronic derivatives, individually or interactively, may have an additional or 412	

complementary role. The ISNCSCI instrument is the best that we have and any 413	

significant advance in its sensitivity or specificity to discriminate clinically 414	

significant improvements may pave the way for appropriate therapies.  415	

Taken together, the findings point to the need for emphasis on continued 416	

blinded assessor training coupled with the development of computerised 417	

algorithms with capability for differential diagnosis to reduce assessor error and 418	

ensure accurate classification. 419	
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 420	

CONCLUSION 421	

Given that 75% of ISNCSCI worksheets had one or more errors when 422	

completed manually while undertaking randomised controlled trials, both 423	

continued training and free online computational algorithms are key to 424	

improving accuracy and therefore confidence in trial outcomes. Although 425	

possibly impractical for real-time assessment, computational algorithms should 426	

be used to check manually completed worksheets. Whilst computer algorithms 427	

cannot replace clinical judgement, for example in complex cases where a 428	

brachial plexus injury may complicate scoring of an otherwise normal 429	

myotome,(19) they provide an effective means for both validating ISNCSCI 430	

examination classification in a consistent and standardised way thus ensuring 431	

confidence in outcome measures involving the ISNCSCI as well as educating 432	

future generations of healthcare professionals.  433	
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Figure 1. 
Flow diagram depicting the auditing process showing 100% consistency between second ‘manual’ 
audit team utilizing the pre and post-2011 standards as appropriate, and the Rick Hansen Institute 
2014 algorithm results generated by the first audit team.



Figure 2. 
Tree diagram depicting five key classes of variables (grey boxes, left hand column) namely I) 
Neurological Level (i.e. motor level and sensory level); II) ASIA Impairment Scale; III) Zone of Partial 
Preservation; IV) Scoring and V) individually identified errors. Errors in 8 major sub-classes of 
variables (coloured boxes, centre column + “other” in left-hand column) are shown in Figures 3 and 4. 
Errors for all sub-classes of variable (numbers 1-16 to bottom right of coloured boxes) are shown in 
Table 1.



ISNCSCI	variables	for	all	trials	
(See	also	Figure	1)	

A	
#	Examiner	errors	

CORRECTLY	
changed	by	panel	

r/v	

B	
#	Examiner	
errors	STILL	
INCORRECT	

after	panel	r/v	

C	
#	Accurate	

classifications	
INCORRECTLY	
changed	by	
panel	r/v	

D	
Total	#	of	

examiner	errors	
(i.e.	excluding	
column	C)	

E	
%	each	subclass	
constitutes	total	
error	number	of	

242	

F	
	%	ISNCSCI	
charts	with	

errors	in	each	
sub-class	

I.	Neurological	levels	(i.e.	motor	and	sensory	levels)	 Total	=	103	 Total	=	42.5%	
1	 1a	 Motor	level	incorrect	 40	 15	 11	 55	 22.7%	 29.9%	
2	 1ai	 Violation	of	'motor	follows	sensory'	rule	 2	 16	 4	 18	 7.4%	 9.8%	
3	 1b	 Sensory	level	incorrect	 17	 13	 8	 30	 12.4%	 16.3%	

II. AIS	classification	and	severity	(complete/incomplete) Total	=	22	
Total	2a	=	8.3%	
Total	2b	=	0.8%	

4	 2a	 2ai	 AIS	A/B	error	 0	 0	 0	 0	 0%	 0%	
5	 2aii	 AIS	B/C	error	 8	 5	 0	 13	 5.4%	 7.1%	
6	 2aiii	 AIS	C/D	error	 3	 4	 0	 7	 2.9%	 3.8%	
7	 2b	 	 Complete/incomplete	error	 2	 0	 0	 2	 0.8%	 1.1%	

III. Zone	of	partial	preservation Total	=	58	 Total	=	24%	
8	 3a	 ZPP	incorrectly	included/omitted	 9	 7	 1	 16	 6.6%	 8.7%	
9	 3bi	 ZPP	incorrectly	calculated	(motor)	 22	 8	 0	 30	 12.4%	 16.3%	
10	 3bii	 ZPP	incorrectly	calculated	(sensory)	 7	 5	 6	 12	 5.0%	 6.5%	

IV. Motor	(a)	and	sensory	(b)	scores Total	=	52	 Total	=	21.5%	
11	 4a	 4ai	 Score	not	calculated	 0	 6	 0	 6	 2.5%	 3.3%	
12	 4aii	 Summed	incorrectly	 2	 16	 0	 18	 7.4%	 9.8%	
13	 4b	 4bi	 Score	not	calculated	 0	 5	 0	 5	 2.1%	 2.7%	
14	 4bii	 Summed	incorrectly	 1	 22	 0	 23	 9.5%	 12.5%	

V.	Other	 Total	=	7	 Total	=	2.9%	
15	 5	 DAP/VAC	not	recorded	 1	 2	 0	 3	 1.2%	 1.6%	
16	 SNLI	recorded	in	AIS	box	 4	 0	 0	 4	 1.7%	 2.2%	
Totals	 118	 124	 30	 242	 100.0%	 NA1	

Table 1. Counts (n) and percentages (%) of errors for the different subclasses of variables (numbers 1 – 16, see Figure 2) for the three SCIPA trials. 
#1: The values in column F do not add up to 100% because some ISNCSCI worksheets had more than one error (see also Figure 4). 
Abbreviations: AIS, American Spinal Injury Association Impairment Scale; ZPP, zone of partial preservation; NT, not tested; DAP, deep anal pressure; 
VAC, voluntary anal contraction; SNLI, single neurological level of injury.



Figure 3. 
Percentage (%) distribution of errors in the audited ISNCSCI worksheets (N = 242). Pie-chart shows 
each of the eight major sub-classes of error (N = 184); see Figure 2). Data are for all 3 trials and refer 
to Table 1, column E).



Figure 4. 
Percentage (%) distribution of audited 583 ISNCSCI worksheets (N = 184) with errors in each major 
sub-class. Note: the total is > 100% because a proportion (48%) of ISNCSCI worksheets had more 
than one error. Data are for all 3 trials and refer to Table 1, column F).



	Topic	 Pre-2011(30)	 Post-2011	(8)	 Number	of	worksheets	
affected	

Revisions relevant to the current study 
1. S4/5 sensory testing terminology S4/5 sensory terminology of ‘deep 

anal sensation’ utilized. 
Revised to ‘deep anal pressure 
(DAP)’ terminology. 

Not relevant to ISNCSCI audit. 

2. C2 and C1 sensory classification. Nil direction pertaining to the 
classification of C2 and higher 
neurological impairment in the pre-
2011 standards.  

Advised that if sensation is 
abnormal at C2, that the 
neurological level should be 
designated as ‘C1’.  

4 patients with impairment at C1 sensory 
dermatome: 
− Sensory NLI quoted as ‘proximal to 

C2’ (n=2). 
− Correctly assessed as C1 (n=2). 

3. When omitting DAP assessment is
permissible.

Pre-2011, DAP constitutes a 
mandatory aspect of the ISNCSCI 
assessment.  

Clarifying that in patients who have 
light touch or pin prick sensation at 
S4–S5, examination for DAP is not 
required. 

Three patients were flagged as incorrect 
for omitting the DAP assessment: the 
assessment was reviewed, and deemed the 
same both pre- and post- 2011 ISNCSCI 
standards. 

4. ZPP definition. Amount of ZPP sensory/motor 
sparing defined by the number of 
motor/sensory level differences 
between the most caudal preserved 
motor/sensory function with 
reference to the SNLI.   

Defining the ZPP with reference to 
the corresponding NLI (to be 
consistent with InSTeP training). 

Not relevant. 

5. Worksheet format changes. Nil comment. 2011 changes adjusted the 
worksheet for ease of use. 

Not relevant. 

Table 2. Adapted from Kirshblum et al. 2011 depicting the modifications that were made following the 2011 revision of the ISNCSCI 
Standards. Adapted from text contained within ‘Reference for the 2011 revision of the ISNCSCI’ (in The Journal of Spinal Cord Medicine, 
2011 Vol 34) (1).
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