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Abstract
Introduction Substantial difference in mortality following severe traumatic brain injury (TBI) across international trauma 
centers has previously been demonstrated. This could be partly attributed to variability in the severity coding of the injuries. 
This study evaluated the inter-rater and intra-rater reliability of Abbreviated Injury Scale (AIS) scores of patients with severe 
TBI across three international level I trauma centers.
Methods A total 150 patients (50 per center) were randomly selected from each respective trauma registry: University 
Medical Center Utrecht (UMCU), the Netherlands; John Hunter Hospital (JHH), Australia; and Harborview Medical Center 
(HMC), the United States. Reliability between coders and trauma centers was measured with the intraclass correlation coef-
ficient (ICC).
Results The reliability between the coders and the original trauma registry scores was 0.50, 0.50, and 0.41 in, respectively, 
UMCU, JHH, and HMC. The AIS coders at UMCU scored the most AIS codes of ≥ 4. Reliability within the trauma centers 
was substantial in UMCU (ICC = 0.62) and HMC (ICC = 0.78) and almost perfect in JHH (ICC = 0.85). Reliability between 
trauma centers was 0.70 between UMCU and JHH, 0.70 between JHH and HMC, and 0.59 between UMCU and HMC.
Conclusion The results of this study demonstrated a substantial and almost perfect reliability of the AIS coders within the 
same trauma center, but variability across trauma centers. This indicates a need to improve inter-rater reliability in AIS cod-
ers and quality assessments of trauma registry data, specifically for patients with head injuries. Future research should study 
the effect of differences in AIS scoring on outcome predictions.

Keywords Inter-rater reliability · Abbreviated Injury Scale · Inter-country comparison · Level I trauma centers · Scoring 
variability

Introduction

One of the primary goals of the American College of Sur-
geons Committee on Trauma (ACS-COT) is to have trauma 
registries in trauma centers that contain detailed, reliable, 
and readily accessible data [1]. These data make national and 
international comparative assessments of trauma patients 
possible. For this, uniform datasets and data definitions are 
of major importance.

In our previous study, a substantial difference in mor-
tality of patients with severe traumatic brain injury (TBI) 
was demonstrated across three international level I trauma 
centers [2]. The differences in this study could not only be 
attributed to different treatment strategies, but also to the 
variability in the severity of the injury scores.

Amy C. Gunning and Menco J. S. Niemeyer share the first 
authorship.

 * Menco J. S. Niemeyer 
 m.j.s.niemeyer@umcutrecht.nl

1 Department of Trauma Surgery, University Medical 
Center Utrecht, Suite: G04.228, Heidelberglaan 100, 
3584 CX Utrecht, The Netherlands

2 Department of Trauma Surgery, Harborview Medical Center, 
University of Washington, Seattle, WA, USA

3 Department of Traumatology and Surgery, John Hunter 
Hospital and University of Newcastle, Newcastle, NSW, 
Australia

http://orcid.org/0000-0002-0886-1847
http://crossmark.crossref.org/dialog/?doi=10.1007/s00068-022-02059-x&domain=pdf


1184 A. C. Gunning et al.

1 3

According to the ACS-COT, all injuries are scored 
according to the Abbreviated Injury Scale (AIS) score. The 
AIS score was introduced and implemented in global trauma 
care in the 70 s [3]. It is an anatomically based, consen-
sus derived, global severity scoring system that classifies 
each injury by body region according to its relative impor-
tance. The score ranges from 1 to 6 on an ordinal scale; the 
higher the score, the more severe the injury. The highest 
scores from the three most severely injured body regions 
are squared and summed to obtain the Injury Severity Score 
(ISS) [3, 4]. Both the AIS and the ISS scores have been 
extensively used in several trauma scores and trauma care 
analysis [5–9]. A rater variability in these scores across 
trauma centers might cause differences in outcome analyses.

Only a few studies have evaluated the variability of the 
AIS scores; between educated coders within a hospital, dif-
ferent AIS coding versions or between different specialties 
in a hospital [10–17]. None of the studies addressed the rater 
variability in the AIS coding across trauma centers in differ-
ent international trauma systems.

Therefore, the aim of the present study is to evaluate 
the inter- and intra-center rater reliability of AIS scores of 
patients with severe TBI across three level I trauma centers 
in different countries.

Methods

Study design

This multi-center study was performed in three level I 
trauma centers from different countries: the University 
Medical Center Utrecht (UMCU), Utrecht, the Netherlands, 
John Hunter Hospital (JHH), Newcastle, Australia, and Har-
borview Medical Center (HMC), Seattle, Washington, USA.

The study was performed following the Guidelines for 
Reporting Reliability and Agreement Studies (GRRAS) 
[18].

This study was approved, and waivers of consent were 
provided by the Institutional Review Board of the UMCU, 
JHH, and HMC (reference number: WAG/mb/12-404). The 
study was conducted in accordance with the principles of the 
Declaration of Helsinki and Good Clinical Practice Guide-
lines [19, 20].

Patient selection

Patients were selected from an extensive database of which a 
detailed description and key demographic and trauma center 
differences were described in our previous study [2].Our 
previous study demonstrated a difference in mortality in the 
patients with a head AIS score of 4 and higher [2].

Patients were randomly selected out of the three insti-
tutional trauma registries from the year 2012 to minimize 
recall bias. Selections included directly admitted trauma 
patients, aged 18 years and older with an AIS score of 3 
or higher in the head region. Cases excluded from selec-
tion were patients dead on arrival in Emergency Department 
(ED) (i.e., no vital signs at ED presentation or those who 
died within 30 min), major burns (> 20% of total body sur-
face area), and if transferred to another hospital.

A total of 150 patients were randomly selected by the 
computer without replacement. This sample size rendered a 
statistical power of 80%, with a confidence interval of 95%, 
and a population proportion of 61% (the mean population 
proportion of all three centers). For both UMCU and JHH, 
this sample size has a margin of error of 5%, and the margin 
of error for HMC was 7%. We decided to accept this small 
difference and not to increase the sample size from the HMC 
database in order to keep the selected number across the 
centers equal and minimize recall and selection bias.

AIS coders

Both UMCU and HMC have three trained AIS coders. In 
UMCU, all coders completed an AIS course provided by 
the Dutch National Trauma Registry and attend national 
user group meetings four times a year. The AIS coders in 
HMC have all completed the AIS coder training from the 
Association for the Advancement of Automotive Medicine. 
JHH has five trained AIS coders. The coders are trained 
through a central teaching system in New South Wales. Cod-
ers had AIS coding experience varying between 2 months 
and 20 years with a median of 6 years.

Each coder was requested to code head injuries of the ran-
domly selected sample. They all used the AIS score version 
2005. Coding started in 2016 and was performed indepen-
dently from each other. The coders were blinded for the reg-
istered AIS score and patient origin in the provided datasets.

Data collection

All relevant radiology reports, admission reports, discharge 
reports, prehospital information, and other relevant patient 
notes addressing the TBI were gathered. The Dutch reports 
were translated in English by for the AIS coders in JHH and 
HMC by AG and LL, skilled in both medical Dutch and 
English. The Dutch AIS coders used the English reports 
from JHH and HMC.

Outcome variables and statistical analysis

The primary outcome measure was the agreement among 
coders on AIS severity. To quantify agreement between cod-
ers and centers, the weighted kappa for ordinal variables 
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was measured with a two-way mixed, single-measures, intra-
class correlation coefficient (ICC). This model was chosen, 
following literature guidelines, because we have a specific 
sample of raters for all subjects and we have selected a single 
measurement, the highest AIS score from each center, for 
the measurement of the ICC between the trauma centers [21, 
22]. Secondary outcome measures were the inter- and intra-
center agreement among AIS coders. Additionally, possible 
overestimation of patients with severe injury was meas-
ured. Therefore, we explicitly also included patients with 
an AIS score of 3 (moderate injury). The ICC was calculated 
between AIS coders from the same trauma center and across 
the trauma centers. The arbitrary classification of Landis 
and Koch was used to classify the agreement (Table 1) [23].

For each patient the highest AIS severity in the head 
region was selected and presented in frequencies. The high-
est AIS severity given to the patient by coders of the same 
hospital was selected to compare differences between the 
centers. Averages of total frequencies were used to correct 
for the unequal number of coders per center.

The analyses were performed for the overall dataset and 
separated for each country-specific dataset. The statistical 

analyses were performed with SPSS, version 20.0 (IBM 
Corp., Armonk, NY) for Windows. Significance of statisti-
cal differences was attributed to p < 0.05.

Results

An overview of the frequencies of the highest severity 
score in the head region of the selected patients is shown 
in Table 2. The AIS coders at UMCU scored the most AIS 
codes of ≥ 4, with an average frequency of 92 between the 
three AIS coders, followed by the coders from HMC (aver-
age = 70) and JHH (average = 70) (Table 3). Altogether, 
the three AIS coders from UMCU scored the injuries of 
39 patients with a severity below 3. A total of 46 patients 
were scored with a severity below 3 by the three AIS cod-
ers in JHH, and 29 patients by the two AIS coders in HMC 
(Table 3). Only one AIS coder scored all patients, while the 
other coders scored some patients with a ‘zero’ (no head 
injury) or ‘not applicable’ because they felt that there was 
no trauma preceded or the trauma was too long ago.

The overall reliability between the AIS coders in UMCU 
was substantial (ICC = 0.62), ranging from ICC = 0.55 in 
the HMC dataset to ICC of 0.67 in the UMCU dataset. 
The AIS coders from JHH had an almost perfect reliabil-
ity (ICC = 0.85), ranging from an ICC of 0.78 in the HMC 
dataset and ICC = 0.90 in both UMCU and JHH dataset. In 
HMC, the overall reliability was substantial (ICC = 0.78), 
ranging from 0.71 in the HMC dataset to 0.83 in the JHH 
dataset (Table 4).

The overall reliability between the trauma centers was 
the highest between the AIS coders from UMCU and JHH, 
and JHH and HMC, with both an ICC = 0.70. Separated in 
country-specific datasets the reliability was almost perfect 
between JHH and HMC in the UMCU dataset (ICC = 0.84). 
The overall reliability was lowest between the AIS coders 
from UMCU and HMC, with the lowest ICC in the HMC 
dataset (ICC = 0.52) (Table 5).

Table 1  Guidelines for 
agreement measures

Landis JR, Koch CG. Biomet-
rics 2008

0.00–0.20 Slight
0.20–0.40 Fair
0.40–0.60 Moderate
0.61–0.80 Substantial
0.81–1.00 Almost perfect

Table 2  Frequencies of the 
severity of the original AIS 
scores in the trauma registry

3 4 5 6

UMCU 15 23 12 –
JHH 16 24 9 1
HMC 15 21 14 –

Table 3  Frequencies of AIS 
score severity

1 2 3 4 5 6

UMCU
 Coder 1 5 11 47 48 34 1
 Coder 2 – 8 32 63 41 –
 Coder 3 3 12 45 59 31 –

JHH
 Coder 1 2 13 60 32 38 1
 Coder 2 - 16 64 30 37 –
 Coder 3 1 14 60 32 40 –

HMC
 Coder 1 1 16 56 35 37 –
 Coder 2 3 9 68 28 38 1
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In Table 6, an overview of the correlations between two 
individual AIS coders within and across the trauma centers 
is presented. No clear outliers exist between the AIS coders.

Discussion

To our knowledge, this is the first study measuring inter- and 
intra-rater reliability of AIS scores on an international level. 
The overall reliability within the trauma centers was sub-
stantial in UMCU (ICC = 0.62) and HMC (ICC = 0.78), and 
almost perfect in JHH (ICC = 0.85). We observed a variabil-
ity in the highest overall AIS scores between trauma centers, 
with ICCs ranging from 0.52 to 0.84.

In this study, the distribution of the original AIS score 
severity (stratified in < 4 and ≥ 4) was similar. Nevertheless, 
the UMCU coders scored more patients with a severity of 

4 and higher compared to JHH and HMC. There is no clear 
explanation for the variability between and within trauma 
centers. All AIS coders were trained with a course recog-
nized on at least a national scale. The participants employed 
the 2005 edition of the AIS coding handbook as it was the 
only version that all the participants were certified for 
and trained in at the time. Most of the participating cent-
ers started using the 2008 version since 2015, and thus the 
updated AIS codes were not available for the original data-
set. While the disparities are limited between the two ver-
sions, it is not yet known if this would significantly impact 
severity assessment and subsequent ISS calculations [24]. 
There still might be a difference in the process of training 
and maintaining expertise between the centers that could 
influence the reliability. Furthermore, the experience of 
the AIS coders varies between the trauma centers. Years of 
experience could play a role in the agreement between AIS 
coders; however, the data of this study do not demonstrate 
this (data are not shown for anonymity of the participants). 
Nonetheless, the reliability of the individual AIS coder could 
be measured in intra-rater reliability. It would be interesting 
to investigate the impact of a difference in AIS scores on the 
outcome predictions in future studies.

The reassessment of our sample differed significantly 
from the hospitals’ registries. Our sample only included 
cases with an AIS severity head region ≥ 3 of which a sub-
stantial number of patients were re-coded with a lower sever-
ity score. This demonstrates that numerous injuries might 
have been overestimated in the original trauma registry or 
underestimated in our sample. There is no gold standard 
available for AIS coding; therefore, some influence of sub-
jectivity will always be present. However, overestimation 
of injury severity is not without consequence. Significant 
variability in AIS severity scoring might have a substantial 
influence on the calculated probability of survival, as the 
Injury Severity Score (ISS) is one of its depending param-
eters [5]. A study by Maduz et al. also showed significant 

Table 4  Intraclass correlation of AIS coders within same trauma 
centers

UMCU JHH HMC

Overall dataset 0.62 0.85 0.78
UMCU dataset 0.67 0.90 0.77
JHH dataset 0.63 0.90 0.83
HMC dataset 0.55 0.78 0.71

Table 5  Intraclass correlation of highest overall AIS code between 
centers

UMCU vs JHH UMCU vs HMC JHH vs HMC

Overall dataset 0.70 0.59 0.70
UMCU dataset 0.58 0.65 0.84
JHH dataset 0.78 0.55 0.56
HMC dataset 0.63 0.52 0.77

Table 6  Intraclass correlation 
between all AIS coders

UMCU JHH HMC

Coder 1 Coder 2 Coder 3 Coder 1 Coder 2 Coder 3 Coder 1 Coder 2

UMCU
 Coder 1 – – – – – – – –
 Coder 2 0.59 – – – – – – –
 Coder 3 0.66 0.62 – – – – – –

JHH
 Coder 1 0.68 0.54 0.74 – – – – –
 Coder 2 0.64 0.54 0.69 0.83 – – – –
 Coder 3 0.65 0.58 0.76 0.88 0.85 – – –

HMC
 Coder 1 0.69 0.60 0.65 0.64 0.68 0.65 – –
 Coder 2 0.68 0.59 0.60 0.69 0.68 0.66 0.78 –
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variability on reassessment of AIS severity in 16% of their 
sample, resulting in a 24% these patients who were misclas-
sified as polytrauma patients (ISS ≥ 16) [25]. Systematic 
variability could result in inaccurate outcome predictions 
between trauma populations. Consequently, this could lead 
to the misassumption that trauma centers are performing 
worse than another.

Several studies address the reliability of the AIS scores 
in terms of ICC or (weighted) kappa statistics in compara-
tive literature. These studies have compared scores between 
a computer system and human coders, and evaluated the 
intra-rater differences after a training course, and between 
AIS coders working with the same trauma registry [10, 12, 
15–17]. The scores in these studies evaluating the agreement 
between the AIS scores vary from a kappa score of 0.79 to 
an agreement of the AIS codes of 39% [10, 16]. These data 
are comparable to our findings.

Our study also had several limitations. Firstly, despite 
the extensive training programs, scoring injuries with AIS 
remain a subjective evaluation. The introduction of a stand-
ardized quality assessment process for trauma registries will 
help maintain high quality data in the registries. Currently, 
there is no uniform design how to perform these quality 
assessments. Olthof et al. developed a format for these stud-
ies which showed to be feasible and could be used as a basis 
to develop such a methodology [17].

Secondly, reassessment of the AIS scores is time and 
resource demanding. Although meeting the pre-calculated 
sample size, the sample was limited by feasibility for the 
participants. This possibly could have led to a degree of 
variability, where a larger sample size would have reduced 
the overall variation. However, a general rule of thumb in 
biostatistics is “do more less well” where spending time 
and resources to improve the precision of individual meas-
urements is unreasonable in practically all research where 
the emphasis is on biological outcomes [26]. So rather than 
refining the AIS of the head as an instrument for comparison 
of limited samples, it  may be best reserved for use in more 
substantial trauma cohorts.

Lastly, the English and thus foreign language medical 
records could influence the greater variability within the 
UMCU AIS coders in comparison with the JHH and HMC 
coders. UMCU coders used the original English records for 
the severity coding of the JHH and HMC dataset. In con-
trast to the JHH and HMC coders who received the UMCU 
medical records translated to English. Although English 
being the secondary language in the Netherlands, it could 
have influenced our results slightly. Finally, some recall bias 
might have occurred during the scoring, as AIS coders could 
have recognized cases and AIS codes. However, a signifi-
cant recall bias would be unlikely as the timing between the 
original scoring and the scoring of this study was at least 
3.5 years.

Implications

The AIS scores belong to the most important parameters in 
trauma care which are used to evaluate injury patterns and 
characteristics in trauma populations; they are extensively 
used in comparison studies of injury outcomes across hos-
pitals. Future research should not only evaluate the reli-
ability and reproducibility of AIS codes of the head region 
but also focus on improving these measurements by, e.g., 
standardized (international) education. Furthermore, it 
may well be that brain injured patients have decisive and 
discerning subpopulations for which the AIS in its current 
use as an instrument may be ill-suited.

Conclusion

The results of this study demonstrated a substantial and 
almost perfect reliability of the AIS coders within the 
same trauma center. However, across trauma centers the 
reliability was variable between the AIS coders and one 
should be aware of overestimation. These results indicate 
that there is much room for improvement in the reliability 
between AIS coders. In future studies, the impact of differ-
ences in AIS scoring on the outcome predictions should be 
investigated. Furthermore, quality assessments of trauma 
registry data should be implemented and performed rou-
tinely as they provide the essential information for clini-
cians and policymakers alike.

Acknowledgements The authors give many thanks to the AIS cod-
ers from UMCU, JHH, and HMC who have contributed to the work 
presented in this study. The authors give special thanks to Kate King 
from JHH, and Laura Hennessy and Mark Taylor from HMC who 
have helped with the initiation of the studies in the trauma centers and 
retrieved all the medical records from the electronic medical system 
in their hospitals.

Authors contributions ACG contributed to the conception and design, 
acquisition of data, interpretation of data, statistical and epidemiologic 
expertise, and writing of the manuscript. MJSN, MvH, and KJPvW 
contributed to the conception and design, acquisition of data, inter-
pretation of data, writing of the manuscript, and critically revising the 
manuscript. RVM, ZJB, and LPHL contributed to the design, interpre-
tation of data, and revising the manuscript critically.

Funding The study was financially supported by the Netherlands 
Organization for Scientific Research.

Availability of data and materials The dataset supporting the conclu-
sions of this article are available upon reasonable request from the 
corresponding author.



1188 A. C. Gunning et al.

1 3

Declarations 

Conflict of interest All authors declare that they have no conflict of 
interest.

Consent for publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Champion HR, Panebianco NL, De Waele JJ, et al. American 
College of surgeons resources document. In: Vincent J-L, Hall JB, 
editors., et al., Encyclopedia of intensive care medicine. Springer 
Berlin Heidelberg; 2012. p. 155–60.

 2. Gunning AC, Lansink KW, van Wessem KJ, et al. Demographic 
patterns and outcomes of patients in level I trauma centers in three 
international trauma systems. World J Surg. 2015;39(11):2677–
84. https:// doi. org/ 10. 1007/ s00268- 015- 3162-x.

 3. Copes WS, Lawnick M, Champion HR, Sacco WJ. A comparison 
of Abbreviated Injury Scale 1980 and 1985 versions. J Trauma. 
1988;28(1):78–86. https:// doi. org/ 10. 1097/ 00005 373- 19880 
1000- 00011.

 4. Association for the Advancement of Automotive Medicine. http:// 
www. aaam. org/ about- ais. html. Accessed 24 Feb 2021.

 5. Boyd CR, Tolson MA, Copes WS. Evaluating trauma care: the 
TRISS method. Trauma Score and the Injury Severity Score. J 
Trauma. 1987;27(4):370–8.

 6. Lefering R. Development and validation of the revised injury 
severity classification score for severely injured patients. Eur J 
Trauma Emerg Surg. 2009;35(5):437–47. https:// doi. org/ 10. 1007/ 
s00068- 009- 9122-0.

 7. Kimura A, Chadbunchachai W, Nakahara S. Modification of the 
Trauma and Injury Severity Score (TRISS) method provides better 
survival prediction in Asian blunt trauma victims. World J Surg. 
2012;36(4):813–8. https:// doi. org/ 10. 1007/ s00268- 012- 1498-z.

 8. Reiter A, Mauritz W, Jordan B, et al. Improving risk adjustment 
in critically ill trauma patients: the TRISS-SAPS Score. J Trauma. 
2004;57(2):375–80. https:// doi. org/ 10. 1097/ 01. ta. 00001 04016. 
78539. 94.

 9. Moore L, Hanley JA, Turgeon AF, Lavoie A, Eric B. A new 
method for evaluating trauma centre outcome performance: 
TRAM-adjusted mortality estimates. Ann Surg. 2010;251(5):952–
8. https:// doi. org/ 10. 1097/ SLA. 0b013 e3181 d97589.

 10. Joosse P, de Jongh MA, van Delft-Schreurs CC, Verhofstad MH, 
Goslings JC. Improving performance and agreement in injury cod-
ing using the Abbreviated Injury Scale: a training course helps. 

Health Inf Manag. 2014;43(2):17–22. https:// doi. org/ 10. 1177/ 
18333 58314 04300 203.

 11. MacKenzie EJ, Shapiro S, Eastham JN. The Abbreviated Injury 
Scale and Injury Severity Score. Levels of inter- and intrarater 
reliability. Med Care. 1985;23(6):823–35. https:// doi. org/ 10. 1097/ 
00005 650- 19850 6000- 00008.

 12. Read-Allsopp C. Establishing inter-rater reliability scoring in a 
state trauma system. J Trauma Nurs. 2004;11(1):35–9. https:// doi. 
org/ 10. 1097/ 00043 860- 20041 1010- 00006.

 13. Palmer CS, Lang J, Russell G, et al. Mapping Abbreviated Injury 
Scale data from 1990 to 1998 versions: a stepping-stone in the 
contemporary evaluation of trauma. Injury. 2013;44(11):1437–42. 
https:// doi. org/ 10. 1016/j. injury. 2012. 08. 033.

 14. Stewart KE, Cowan LD, Thompson DM. Changing to AIS 2005 
and agreement of injury severity scores in a trauma registry with 
scores based on manual chart review. Injury. 2011;42(9):934–9. 
https:// doi. org/ 10. 1016/j. injury. 2010. 05. 033.

 15. Long WB, Sacco WJ, Copes WS, Lawnick MM, Proctor SM, 
Sacco JB. An evaluation of expert human and automated Abbre-
viated Injury Scale and ICD-9-CM injury coding. J Trauma. 
1994;36(4):499–503. https:// doi. org/ 10. 1097/ 00005 373- 19940 
4000- 00007.

 16. Neale R, Rokkas P, McClure RJ. Interrater reliability of injury 
coding in the Queensland Trauma Registry. Emerg Med (Freman-
tle). 2003;15(1):38–41. https:// doi. org/ 10. 1046/j. 1442- 2026. 2003. 
00406.x.

 17. Olthof DC, Luitse JS, de Groot FM, Goslings JC. A Dutch 
regional trauma registry: quality check of the registered data. 
BMJ Qual Saf. 2013;22(9):752–8. https:// doi. org/ 10. 1136/ 
bmjqs- 2013- 001888.

 18. Kottner J, Audige L, Brorson S, et al. Guidelines for reporting 
reliability and agreement studies (GRRAS) were proposed. J Clin 
Epidemiol. 2011;64(1):96–106. https:// doi. org/ 10. 1016/j. jclin epi. 
2010. 03. 002.

 19. The Declaration of Helsinki. http:// www. wma. net/ en/ 30pub licat 
ions/ 10pol icies/ b3/. Accessed 24 Feb 2021.

 20. The Good Clinical Practice Guidelines http:// www. ema. europa. 
eu/ docs/ en_ GB/ docum ent_ libra ry/ Scien tific_ guide line/ 2009/ 09/ 
WC500 002874. pdf Accessed 24 Feb 2021.

 21. Norman GR, Streiner DL. Biostatistics: the bare essentials. Shel-
ton, CT: People's Medical Publishing House-USA; 2008.

 22. Koo TK, Li MY. A guideline of selecting and reporting intraclass 
correlation coefficients for reliability research. J Chiropr Med. 
2016;15(2):155–63. https:// doi. org/ 10. 1016/j. jcm. 2016. 02. 012.

 23. Landis JR, Koch GG. The measurement of observer agreement 
for categorical data. Biometrics. 1977;33(1):159–74. https:// doi. 
org/ 10. 2307/ 25293 10.

 24. Ringdal KG, Hestnes M, Palmer CS. Differences and discrep-
ancies between 2005 and 2008 Abbreviated Injury Scale ver-
sions-time to standardise. Scand J Trauma Resusc Emerg Med. 
2012;20:11. https:// doi. org/ 10. 1186/ 1757- 7241- 20- 11.

 25. Maduz R, Kugelmeier P, Meili S, Doring R, Meier C, Wahl P. 
Major influence of interobserver reliability on polytrauma identi-
fication with the Injury Severity Score (ISS): time for a centralised 
coding in trauma registries? Injury. 2017;48(4):885–9. https:// doi. 
org/ 10. 1016/j. injury. 2017. 02. 015.

 26. Gundersen HJ, Osterby R. Optimizing sampling efficiency of ste-
reological studies in biology: or 'do more less well!'. J Microsc. 
1981;121(Pt 1):65–73. https:// doi. org/ 10. 1111/j. 1365- 2818. 1981. 
tb011 99.x.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00268-015-3162-x
https://doi.org/10.1097/00005373-198801000-00011
https://doi.org/10.1097/00005373-198801000-00011
http://www.aaam.org/about-ais.html
http://www.aaam.org/about-ais.html
https://doi.org/10.1007/s00068-009-9122-0
https://doi.org/10.1007/s00068-009-9122-0
https://doi.org/10.1007/s00268-012-1498-z
https://doi.org/10.1097/01.ta.0000104016.78539.94
https://doi.org/10.1097/01.ta.0000104016.78539.94
https://doi.org/10.1097/SLA.0b013e3181d97589
https://doi.org/10.1177/183335831404300203
https://doi.org/10.1177/183335831404300203
https://doi.org/10.1097/00005650-198506000-00008
https://doi.org/10.1097/00005650-198506000-00008
https://doi.org/10.1097/00043860-200411010-00006
https://doi.org/10.1097/00043860-200411010-00006
https://doi.org/10.1016/j.injury.2012.08.033
https://doi.org/10.1016/j.injury.2010.05.033
https://doi.org/10.1097/00005373-199404000-00007
https://doi.org/10.1097/00005373-199404000-00007
https://doi.org/10.1046/j.1442-2026.2003.00406.x
https://doi.org/10.1046/j.1442-2026.2003.00406.x
https://doi.org/10.1136/bmjqs-2013-001888
https://doi.org/10.1136/bmjqs-2013-001888
https://doi.org/10.1016/j.jclinepi.2010.03.002
https://doi.org/10.1016/j.jclinepi.2010.03.002
http://www.wma.net/en/30publications/10policies/b3/
http://www.wma.net/en/30publications/10policies/b3/
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500002874.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500002874.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500002874.pdf
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.2307/2529310
https://doi.org/10.2307/2529310
https://doi.org/10.1186/1757-7241-20-11
https://doi.org/10.1016/j.injury.2017.02.015
https://doi.org/10.1016/j.injury.2017.02.015
https://doi.org/10.1111/j.1365-2818.1981.tb01199.x
https://doi.org/10.1111/j.1365-2818.1981.tb01199.x

	Inter-rater reliability of the Abbreviated Injury Scale scores in patients with severe head injury shows good inter-rater agreement but variability between countries. An inter-country comparison study
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Patient selection
	AIS coders
	Data collection
	Outcome variables and statistical analysis

	Results
	Discussion
	Implications

	Conclusion
	Acknowledgements 
	References




