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Abstract

Study Design: Cohort study.

Objectives: This study aimed to evaluate the accuracy of the AO Surgery Reference mobile app in the diagnosis of thor-
acolumbar fractures of the spine according to the AO TL classification, and to discuss the usefulness of this app in the teaching and
training of the resident physicians in orthopedics and traumatology area.

Methods: The 24 residents of Orthopedic and Traumatology program assessed 20 cases of thoracolumbar fractures selected
from the hospital database on 2 different occasions, with a 30-day interval, and they classified these cases with and without using
the AO Surgery Reference app. A group of spine experts previously established the gold standard and the answers were
statistically compared, with the inter- and intraobserver reliability evaluated by the kappa index.

Results: The use of the AO Surgery Reference app increased the classification success rate of the fracture morphology (from
53.4% to 72.5%), of the comorbidity modifier (from 61.4% to 77.9%) and of the neurological status modifier (from 55.1% to
72.9%). In addition, the mobile app raised the classification agreement and accuracy. The kappa index increased from 0.30 to 0.53
regarding the morphological classification of fractures.

Conclusions: The residents improved their ability to recognize and classify thoracolumbar spine fractures, which reinforces the
importance of this tool in medical education and clinical practice.
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Introduction

Smartphones and tablets have made medical information easily

accessible mainly because of mobile apps.1-4

Several studies have demonstrated the growth in the use of

apps among physicians and students, in areas of orthopedic

teaching, emphasizing its importance and usefulness in medical

education and clinical practice.5-7

Orthopedic and medical apps are considered to be user-

friendly, with a good intra- and interobserver agreement, and

should preferably support in the medical conduct. Related to

thoracolumbar fractures, the classification of the disease aims

to facilitate the evaluation and the adequate diagnosis, the

communication between the expert doctor and, essentially,
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the management of the patient with traumatic spinal column

injury.8

In the beginning, the classifications presented a descriptive

morphological profile, with the only purpose of associating

certain fracture patterns with the trauma mechanism, being

described as compression, flexion-distraction, and rotation,

according to the classification shown by Magerl et al9 in 1994.

However, they did not consider other important factors in

the determination of the treatment, such as the presence of

ligament injuries, neurological deficit, comorbidities, and did

not report the good intra- and interobserver agreement.10

In 2005, Vaccaro et al11 proposed the TLISS (Thoracolum-

bar Injury Severity Score), a scale based on 3 main character-

istics of the thoracolumbar lesion: (a) trauma mechanism, (b)

integrity of the posterior ligament complex, and (c) state of the

patient. However, despite their validity as a method of classi-

fication, studies showed inconsistency among the observers,

which led to the creation of TLICS (Classification of Thoraco-

lumbar Injury and Severity Score), in which the mechanism of

trauma was replaced by fracture morphology.12

Considering the problems associated with the classifications

cited above, in 2013, a new classification called AO Spine TL

in order to adapt the international needs has presented, with

alphanumeric sequence and ascending order of severity, reduc-

ing inconsistencies between observers and allowing lines of

treatments from newly established parameters.13

The new order of severity was classified by (a) the fracture

morphology, with order of severity from A0 to A4, fractures B1

to B3 and type C; (b) the neurological status of the patient

being N0 the absence of neurological deficit and N4 the com-

plete deficit; and (c) the clinical and radiological determinants

classified by the M1 and M2 modifiers.

The authors of the new rank participated in the development

of a new mobile app on Android and iOS platforms. The AO

Surgery Reference mobile app, released by the AO Foundation,

contains all the published fractures and are validated by the AO

Foundation, as well as the access routes and possible treatments

for appendicular and spinal fractures, been accessible by any

device with internet access.14

Taking into consideration the orthopedic injuries in the

spine, the therapeutic decision is often linked to the correct

interpretation of the lesion pattern and its classification.

Due to the multiple details and variety of the classifica-

tions, the AO Surgery Reference app has the advantage of

assisting the traumatologist in the correct evaluation of the

presented case. In this mobile app, the physician can simulate

the classifications for various types of fractures, through self-

explanatory drawings and textual information such as

thoracolumbar fractures, which makes it possible to identify

fracture types and classify them for morphology and its asso-

ciated modifiers.

Due to the great amount of knowledge that the resident

physicians in orthopedic and traumatology must acquire during

their training, strategies are sought that facilitate the learning

and the correct interpretation of the presented clinical cases.

The aim of this study was to evaluate the accuracy of the AO

Surgery Reference mobile app in the diagnosis and treatment of

thoracolumbar fractures as proposed by the AO TL classifica-

tion, as well as to discuss the usefulness of this app in the

teaching and training of the resident physicians in the orthope-

dics and traumatology area.

Material and Methods

A diagnostic study was carried out at the Orthopedics and

Traumatology Service of a hospital school in the year 2016

with resident physicians in the Orthopedics and Traumatology

Service.

We selected 20 de-identified thoracolumbar cases from our

medical database that were representative of a multitude of

thoracolumbar trauma fracture patterns. Pathological fractures

secondary to tumor or infection were excluded.

The originally published classification system served to aid

in this process. The cases were classified in a collective meet-

ing by an expert session, where 6 of the authors who could

consult the mobile app, as well by consulting the original

article where the classification was published.13 Of the

authors, 2 were senior spine surgeons and former members

of AO Spine, 2 were AO Spine Fellowship–trained doctors

and, 2 current spine fellows.

It was selected 20 cases from 40 cases of our data bank to be

used in this study, with unanimous classification among the

researchers, establishing a standard.

The remaining cases were excluded. Ten cases were

excluded because of the similarity with other cases; 4 cases

were excluded because the patient has more than 1 spinal frac-

ture, and 6 cases that were not classified the same by the

authors as consensus.

These preselected 20 cases were then presented to all 30

Orthopedic and Traumatology resident physicians regularly

enrolled in the Orthopedics and Traumatology Service in a

2-hour theoretical lecture on thoracolumbar fractures, to pres-

ent the AO Spine TL classification, as well as to discuss teach-

ing, training, and debate.

The lecture was presented and projected on a big screen and

was accompanied by radiographic images, computed tomogra-

phy, magnetic resonance imaging when pertinent to the case,

and other relevant clinical information such as neurological

deficit and comorbidities.

Just after the lecture, all the residents were submitted to an

individual test, including questions with selected cases of thor-

acolumbar fractures presented one by one projected on the

screen. Each participant had 3 minutes to evaluate each of 20

cases, classify and answer the questions without the use of any

support material.

At the end of the session, resident physicians were instructed

to download the AO Surgery Reference mobile app on their

own cell phones and a short presentation on how to use the app

was made. For 1 month, all the resident physicians were soli-

cited to use this mobile app in their daily practice.
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All the 30 resident physicians were invited to participate

voluntarily in the case presentations and training and classifi-

cation sessions of the AO Surgery Reference mobile app and

sign an informed consent form.

One month later, the same resident physicians were sub-

mitted to a second theoretical lecture, in which the same pre-

vious thoracolumbar fractures cases were presented in random

order and they had 3 minutes to evaluate, classify, and answer

the questions, but this time with the use of the mobile app.

The resident physicians were not allowed to discuss the

cases at the time of the classifying session with one another

and did not have access to the images during the time period of

1 month between the first and second lecture.

The correct answers precisely debated by consensus among

the researchers and authors of this study formed the standard

template for the evaluation of the answered questionnaires and

the number of correct answers at each moment of the

evaluation.

All the difficulties of each physician were recorded at the

end of the lecture for further consideration.

In addition, it was solicited to all resident physicians to

answer a questionnaire about the use of the mobile app, where

it was asked if the app was studied as proposed, if the use of the

app facilitated in the classification of fractures and if the use of

this tool modified the management or treatment of the cases.

The blank or erased questionnaires were excluded. Those

who did not have a smartphone or did not download the mobile

app or those who did not participate in the theoretical lecture/

case presentation and the ones who refused to sign the free

informed consent form were also excluded.

Figures 1 to 4 include the main initial screens of the AO

Surgery Reference mobile app used in this study and down-

loaded by all participants.

Statistical Analysis

The results were presented as tables, figures, and graphs. All

demographic and characteristic data at the baseline were sum-

marized and associated.

The accuracy, as well as the interobserver agreement anal-

ysis, were performed using the Fleiss kappa index, with values

between 0 and 0.19 been considered as weak agreement; 0.20

and 0.39 as a regular agreement; between 0.40 and 0.59, a

moderate agreement; between 0.60 and 0.79 as a substantial

agreement and the values between 0.80 and 1.00 being near-

perfect.15

The McNemar test was used to access accuracy when we

compared the residents’ answers with the standard established

by the expert session.16

Figure 1. Initial screens of AO Surgery Reference mobile app.
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Results

Twenty-four resident physicians, at different stages of their 3

years of medical residency of the orthopedic service, agreed to

participate in the study and met the inclusion criteria. Six res-

idents were excluded because they did not participate in both

sessions.

Despite all participants having downloaded the mobile app

immediately after the first session and being encouraged by the

researchers to study and practice during the period of 1 month,

not a single resident physician claimed to have studied the app,

and 100% stated that they did not use the app for theoretical

study, as shown in the answers to the questionnaires at the end

of the second theoretical lecture.

Even without the resident physicians having studied previ-

ously the tool, the answers in the questionnaire has shown that

95.65% stated that the app facilitated the understanding on the

classification of thoracolumbar fractures, 91.3% stated that the

app helped in the conduct of the case, and 60.86% stated that

the use of the app modified their conduct in most of the cases.

Related to the morphological classification of fractures,

there was an improvement in the accuracy rate from 53.4%
to 72.5%. Overall, there was an increase of 194 cases classified

correctly in the pre-app test and 263 correctly classified cases

in the post-app test, with an increase in the fracture morphology

accuracy of 35.5% (P < .001). The distribution by morpholo-

gical type of fractures before and after the use of this app is

shown in Figure 5.

Altogether, there was an increase of correctly classified cases

from 174 before the use of the mobile app to 230 cases after the

use of the mobile app, an increase of 32.2% (P ¼ .009). The

stratification of the modifier “neurological status” before and

after the use of this app is demonstrated in Figure 6.

Regard the modifier “comorbidities” (Figure 7), there was

an increase in the number of correct answers from 61.4% to

77.9%. The number of correctly classified cases increased from

153 in the first theoretical lecture to 194 in the second theore-

tical lecture, an increase of 26.8% (P < .001).

The classification of the modifier “comorbidities”, pre- and

post-use of the app is demonstrated in Figure 7.

The results of the morphological classification question-

naires pre and post the app use, using the McNemar test, have

shown that there was an increase in the accuracy of responses

by 39.8% (P < .001).

The interobserver concordance assessed before the interven-

tion was 0.3 (95% CI 0.29-0.31) calculated by the Fleiss kappa

test and after the intervention, the agreement index increased to

0.53 (95% CI 0.52-0.54).

The results of the neurological status modifier in the pre and

post questionnaires using the McNemar test has shown

an improvement in the accuracy of the responses by 45.2%
(P ¼ .01). The index of interobserver agreement between the

answers evaluated using the Fleiss kappa test showed a correla-

tion of 0.23 (95% CI 0.21-0.24) in the first evaluation and

increased to 0.53 (95% CI 0.51-0.55) in the second evaluation

after app consulting.

Figure 2. A0 and A1: Thoracic and lumbar trauma initial screens of AO Surgery Reference mobile app.
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The results of the classification of the modifier

“comorbidities” in the pre and post questionnaires using the

McNemar test, has shown that there was an increase in the

number of correct answers by 58.1% (P < .001).

The agreement index between the results, calculated by the

Fleiss kappa test evaluated before the intervention showed con-

cordance of 0.04 (95% CI 0.01-0.07) and after the intervention,

the agreement index increased to 0.29 (95% CI 0.27-0.32).

Discussion

This study specifically evaluates the accuracy of classification

of thoracolumbar fractures using a mobile app in the field of

orthopedics and traumatology, including the classification of

trauma and its complications and treatment.

The present study has demonstrated that the use of the AO

Surgery Reference app helps in the classification of clinical

cases, increasing the accuracy in all parameters (morphology,

comorbidities, neurological) and, consequently, interobserver

agreement and accuracy.

The present study demonstrated that the AO Surgery Refer-

ence mobile app increases the accuracy and the comparison

indices, functioning as an effective consultation tool, being

used by young physicians even without in-depth training on

the use of the app.

In this study, the accuracy of correct identification of the

fracture morphology increased from 53.4% to 72.5%; modifier

“comorbidity” increased from 61.4% to 77.9% and the modi-

fier “neurological condition” increased from 55.1% to 72.9%.

The use of the AO Surgery Reference app also has increased

the agreement and accuracy in the classifications of the

assessed group.

The kappa index, which measures the agreement among a

population studied, increased from 0.3 to 0.53 for the morpho-

logical classification of fractures, approaching the index evi-

denced by Sadiqi et al,17 between spine surgeons with

experience up to 10 years (0.69 [0.44-0.91]), 11 to 20 years

(0.69 [0.22-1]), and older than 20 years (0.67 [0.31-0.85]).17

However, for type A3 and A4 fractures, Sadiqi et al17

observed a small interobserver agreement, contrary to what was

observed in this study, which showed a significant increase in

Figure 3. A2, A3, and A4: Thoracic and lumbar trauma initial screens of AO Surgery Reference mobile app.
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the concordance rate in the classifications of these fracture

subtypes after the app assistance.

This agreement was also demonstrated for fracture modi-

fiers: The kappa index for “neurological status” varied from the

agreement of 0.23 to 0.53, and for “comorbidity” ranged from

0.04 to 0.29.

The results showed, therefore, that the mobile app improved

the residents understanding, showing its important effect on the

classification of thoracolumbar fractures. This strengthens the

importance that smartphone devices can be a useful tool in

medical teaching and education.

Health professionals and academics have used the technol-

ogy on daily basis as it is an extremely useful tool for getting

information for diagnosis, treatment, medications, and updates

in the area of interest.18

This phenomenon occurs in other areas.7,19,20 The use of

mobile apps in medicine has been increasing significantly.

There are tens of thousands of medical apps with multispecialty

content, but quality and reliability have been questioned.7,19,20

These studies have shown the great need and desire for apps

that assist in daily medical practice.

Payne et al5 have analyzed questionnaires that evaluated

trained physicians and medical students and found that 52%
of students used more than one medical request for clinical

consultation and 51% of resident physicians used more than

one mobile app, most of which were consulted more than once

a day.20

Grasso et al18 have evaluated the use of mobile devices like

palmtops and tablets in the teaching and medical practice of

medical students, and observed that 52% of individuals used

mobile devices for consultation and study, and 74% of the

physician students used the devices in clinical practice.

Although most of the residents evaluated in this study did

not use the mobile application during their daily clinical prac-

tice, the results showed that the instrument enabled a large

increase in the number of correct fracture classification, which

could generate direct benefits in orthopedics teaching and in

daily clinical practice with patients.

Figure 4. B2, B3 and C: Thoracic and lumbar trauma initial screens of AO Surgery Reference mobile app.

192 Global Spine Journal 11(2)



However, well-defined criteria and detailed methodology

must be meticulously studied for the creation and validation

of mobile apps, assessing their quality and avoiding misinfor-

mation, which can be dangerous for professionals and patients.

Within the context of limitations and concerns in the use of the

mobile apps in medicine, the US Food and Drug Administra-

tion has recently released recommendations for device soft-

ware functions.21,22

Following these concerns, Buijink et al23 have proposed the

creation of institutes and mechanisms that regulate the quality

of the medical information contained in the mobile apps,

wrong medical information could be dangerous to profession-

als and patients. Recently, a mobile app developed by a

pharmaceutical company was removed from the internet by

providing a dose calculator, different from the original

formula.

Within the orthopedic area, there are several available

mobile apps. Franko et al have conducted a study in the United

States with orthopedists and found that 84% of respondents had

smartphones, 53% use apps in their medical practice, and 96%
would like to see more orthopedic-related apps.1,7

Thus, in our study, the AO Surgery Reference mobile app

has been shown to be a medical tool in improving the classifi-

cation of thoracolumbar fractures even for orthopedic physi-

cians and resident traumatologists.

This corroborates the results of Sadiqi et al17 who showed

that years of experience as spine surgeons did not affect the

improvement of levels of agreement.

Figure 5. Distribution of morphological type of fractures before and after the use of AO Surgery Reference mobile app.

Figure 6. Stratification of the neurological status before and after the
AO Surgery Reference mobile app.

Figure 7. Stratification of the comorbidities status before and after
the AO Surgery Reference mobile app.

Ono et al 193



The present study was able to statistically demonstrate a

significant improvement in the recognition and classification

of cases of thoracolumbar spine injuries.

Limitations

Some limitations of this study may be considered.

The assessment of participants at 2 or 3 points could be

considered using the app at all times to verify and validate the

intra- and interrater reliabilities.

The lack of a control group can also be considered as a

limitation. However, we consider that it can be justified by

analyzing possible benefits in clinical practice and the learning

of surgeons and residents using this classification tool. Ulti-

mately, all benefits are accrued to the patients treated, which

would not exist if access to information provided by the app

were denied to a control group without the app.

Another limitation of the study was that it did not consider

possible effects of a learning curve or knowledge progression

over the period of one month between assessments. Despite

the guidance given to the residents to use the study app, we

realize that many still prefer to use printed study material, this

can be a bias.

In future studies, we intend to evaluate if the same happens

with the other classifications, as for example in the cervical

lesions. We also intend to use other orthopedics applications as

a study tool.

Conclusion

The AO Surgical Reference app has been demonstrated to

improve the accuracy and reliability interobserver in the clas-

sification of thoracolumbar fractures.

The physicians who have participated in this study have

used this app in several clinical situations, with an improve-

ment of accuracy and interobserver reliability of the group,

which reinforces the importance of this tool not only in teach-

ing but also in everyday life, as a quick and practical source of

information that benefits not only the doctor, but also the

patient. Due to its high availability and easy access, the use

of this technology in the medical environment is widespread.
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