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Abstract
Introduction Acetabular defect recognition and classification remains a challenging field of practice for orthopedic surgeons. 
Recently, the Acetabular Defect Classification (ADC) has been introduced to provide a reliable, reproducible and intuitive 
classification system. In order to improve ease of use and efficiency of the ADC, a browser-based application has been cre-
ated. We hypothesized that the ADC application can improve rating performance of non-specialists (medical students) to 
achieve good inter- and intra-rater agreement and will compare favorable to the results of specialists (experienced surgeons) 
without the help of the application.
Materials and methods The ADC is based on the integrity of the acetabular rim and the supporting structures. It consists 
of four main types of defects ascending in severity. These defects are further subdivided in A–C, narrowing down defect 
location. 80 randomized radiographs were graded according to ADC by three non-specialists (medical students) with help 
of the ADC application and by three specialists (orthopedic surgeons) without help of the application to evaluate the differ-
ence in inter-rater agreement between groups. To account for intra-rater agreement, the rating process was repeated after a 
reasonable wash-out period.
Results Inter-rater and intra-rater agreement within the non-specialist group rated lower when compared to the specialist 
group while still falling into the good agreement range. The student group presented with k values of 0.61 for inter-rater 
agreement and 0.68 for intra-rater agreement, while the surgeon group displayed k values of 0.72 for inter-rater agreement 
and 0.83 for intra-rater agreement.
Conclusion The app-guided assessment of acetabular defects offers a promising innovative approach to simplify complex 
situations. It makes the challenging field of acetabular revision arthroplasty more approachable especially for less experienced 
surgeons and offers insight and guidance in the planning stage as well as intra-operative setting.
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Introduction

Modern total hip arthroplasty is considered to be the oper-
ation of the century, offering pain relief, advanced mobi-
lization and an increased overall quality of life to a vast 
number of patients [1, 2]. While implantation rates are pre-
dicted to increase all over the developed world, due to the 
limited durability and survival of implants, revision cases 
tend to accumulate as well. Most cases of hip revision 
arthroplasty are accompanied by acetabular bone defects 
of varying degree. Depending on the severity of the dam-
age to the remaining bone stock, primary stable implanta-
tion of the revision component and a favorable long-term 
outcome are demanding to achieve. Detailed and proper 
defect recognition and meticulous pre-operative planning 
are essential. To facilitate pre-operative grading of the 
expected bone loss, numerous acetabular defect classifi-
cation systems have been established [3–6]. Recently, the 
Acetabular Defect Classification—short ADC—has been 
introduced to provide a reliable, reproducible and intui-
tive classification system, which offers a clear therapeutic 
guideline [7]. Even though the structured design facilitates 
intuitive use, acetabular defects present a complex and 
difficult field of practice and especially for unexperienced 
surgeons, ways to lower the introductory hurdle are more 
than welcome.

The omnipresent mobile device commonly known as 
“smart phone” has altered the way we interact with each 
other and how we consume information. Many studies 
have confirmed a significant increase in the number of 
smart phone users and the time being spent on mobile 
devices per day [8–10]. The introduction of customizable 
applications, which can be accessed through app stores or 
various internet browsers, offer the possibility of individu-
alization and ubiquitous access to web-based information 
and innovative technologies [11]. Therefore, daily usage 
for various private and professional applications such as 
online banking or different modes of communication have 
become common place [12].

Medical applications are on the rise as well and their 
number and availability are constantly increasing. While 
an unified nomenclature is still lacking, most available 
applications are described as “health”, “lifestyle” or 
“care”-apps and are mostly aimed for individual adoption 
by private end users. Nevertheless, especially young sur-
geons in the field of Orthopedics and Trauma Surgery use 
smartphone apps daily in their clinical practice and the 
importance in the near future is projected to increase [13].

Due to the corona pandemic a steep increase in web-
assisted patient care can be observed in clinical practice. 
Especially the utilization of telemedical examinations to 
reduce human contact and prevent a further spreading of 

the corona virus has increased significantly [14]. In these 
cases, medical applications such as virtual goniometers 
may be helpful to increase accuracy of a telemedical exam-
ination [15–17].

To further improve the ease of use and efficacy of the 
ADC, a browser-based application appears to be a natural 
evolution and has been developed to lead the user along the 
pre-operative radiographic grading process. To the authors’ 
knowledge, no system is available that applies an established 
acetabular defect classification system with the practical 
benefits of a browser-based application. App-guided evalu-
ation of complex defect situations could offer a vast array of 
potential benefits, such as increased efficacy and a steeper 
learning curve. The ADC has been proven to offer a reliable 
pre-operative grading which corresponds closely with the 
encountered intra-operative findings [7]. Therefore, the fol-
lowing publication will exclusively focus on evaluating the 
improvement in grading experience generated through an 
web-based application.

We hypothesized that the ADC application can improve 
rating performance of non-specialists (medical students) to 
achieve good inter- and intra-rater agreement according to 
Landis and Koch, and will compare favorably to the results, 
which experienced orthopedic surgeons achieved without 
the help of the application [18].

Materials and methods

Study design

From a sample of 211 patients who underwent acetabular 
revision for various reasons with exchange of at least the 
acetabular component, a randomized sample of 80 pre-
operative radiographs, after power analysis, was selected. 
All radiographs were screened for sufficient quality to allow 
for a reliable grading. To enable blinded assessment any 
identifying features were removed, and the images were 
anonymized by numerical coding. Radiographic assess-
ment consisted of pelvis a.p. standing and involved hip axial. 
Radiographic analysis and grading were carried out using 
IMPAX EE (Agfa HealthCare GmbH, Bonn, Germany).

Raters were recruited and divided into two different 
groups. The first group (specialists, S) consisted of expe-
rienced orthopedic surgeons in the field of hip revision 
arthroplasty. The second groups consisted of medical stu-
dents (non-specialists, nS). None of the raters had any prior 
knowledge of the ADC or were involved in the creation.

Each rater received a teaching session consisting of an 
overview of the classification system and the supervised 
evaluation of ten random cases, which did not include any of 
the tested 80 cases. A scoring sheet was distributed. Only the 
nS group received an introduction to the ADC application 
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and was allowed to use it during the teaching session and 
further rating.

Radiographic evaluation was carried out at two different 
stages with a wash-out period of two weeks in between to 
avoid bias due to memorization. All images were relabeled 
and randomized prior to the second evaluation.

Browser‑based application and classification system

The browser-based application was built using Angular (Ver-
sion 6, Google LLC, Mountain View, California, USA), a 
TypeScript-based open-source web application framework. 
The front-end design was built using Bootstrap (Version 
4, Twitter Inc., San Francisco, California, USA). Cordova 
Apache (Version 4.5.5, Adobe Inc., San José, California, 
USA) was used to transform the web app to a native iOS 
application. All data are temporarily stored in the internal 
storage of the device and are deleted after each run time. No 
data is stored on the web server. The app itself is designed 
as a guided walk-through. Each sub-item of the acetabu-
lar defect characteristics can be chosen by a simple-selec-
tion button. Once a sub-item for each characteristic is cho-
sen, the defect category can be calculated. After calculation, 
an example image of the chosen acetabular defect and a 
treatment option are displayed. Figure 1a–d displays the 
individual steps of the application work flow.

The Acetabular Defect Classification (ADC) is based on 
the integrity of the acetabular rim and the supporting struc-
tures. It consists of four main types of defects ascending in 
severity, with an additional subdivision into a, b and c. The 
following defect descriptions are extracted from the original 
publication introducing the ADC [7].

Type 1 defects

Type 1 defects are characterized as contained defects with 
the acetabular rim remaining intact and only showing can-
cellous bone defects in different locations according to sub-
division. A 1A defect displays randomly distributed can-
cellous defects, which respect the superomedial aspect of 
the acetabulum, as well as the medial wall, leaving these 
structures intact. A 1B defect exhibits additionally to defects 
already described for a lysis of the superomedial acetabu-
lum. A 1C defect displays a deficiency of the medial wall, 
which does not affect the anterior or posterior column.

Type 2 defects

Type 2 defects demonstrate a non-contained defect of the 
acetabular rim in addition to cancellous bone defects. The 
defect measures below or equal 10 mm and is considered as 
non-structural. For 2A the rim defect affects the superolat-
eral portion while in 2B the posterior column is deficient. A 

type 2C defect is a combination of A and B and displays a 
defect including the full weight-bearing portion of the rim. 
Because of its measurement below 10 mm, it is also consid-
ered as non-structural.

Type 3 defects

Type 3 defects possess non-contained, structural defects over 
10 mm of the acetabular rim. The subdivision follows the 
same structure as for the type 2 defects with A, including 
the superior aspect, B, the posterior column and C being a 
combination of both. An illustration of a type 3 C defect is 
displayed in Fig. 2.

Type 4 defects

Type 4 defects involve pelvic discontinuity and are the most 
severe cases of acetabular bone loss. There is a disruption 
between the bone stock of the ischium and the ilium. The 
anterior and posterior columns are rendered non-supportive. 
The subclassification in A, B and C allow for evaluation 
of the therapeutic options by taking the superior bone sup-
port into consideration. For A, the superior bone stock is 
considered supportive, for B a non-structural superior rim 
defect under/equal 10 mm is described and for C, a struc-
tural superior rim defect over 10 mm accompanies the pelvis 
discontinuity.

Statistical analysis

For the statistical analysis, IBM SPSS Statistics 1.0.0.1131 
(IBM Inc., Armonk, New York, USA) was utilized. The 
level of significance was set at p < 0.05 and the confidence 
interval at 95%. To account for inter-rater reliability in the 
process of comparing ordered categorical data with more 
than two raters, Fleiss kappa was used. Through the utiliza-
tion of Cohens kappa intra-rater reliability was calculated 
and compared through the mean kappa of all raters. Inter-
pretation of kappa values was achieved through the agree-
ment scale described by Landis and Koch. Kappa values 
exceeding 0.80 indicate excellent agreement, between 0.61 
and 0.8 indicate good agreement, between 0.41 and 0.60 
indicate moderate agreement, between 0.21 and 0.4 indicate 
fair agreement and between 0.20 and below indicates poor 
agreement [18].

Results

Inter-rater agreement of the nS group was evaluated at a k 
value of 0.611 ± 0.022, which differed significantly from 
the inter-rater agreement of the S group (p < 0.001), which 
was evaluated at a k value of 0.721 ± 0.023. Both results 



 Archives of Orthopaedic and Trauma Surgery

1 3

Fig. 1  The ADC application 
is designed as a walk-through, 
guiding the end user through a 
radiographic evaluation of an 
acetabular defect. Due to the 
condensation of information by 
depicting a complex, three-
dimensional bone defect on a 
two-dimensional native radio-
graph, structured and detailed 
evaluation is essential to achieve 
a reliable grading. In all grading 
steps a native a.p. radiograph of 
a right-sided, healthy hip joint 
is provided for comparison. 
a Beginning with the medial 
portion of the acetabulum, 
the end user can evaluate the 
integrity of the “teardrop”, 
a radiographic phenomenon 
resulting in the overlay of differ-
ent bone surface encompassing 
the medial wall. The teardrop is 
marked with a red oval ellipse. 
For options, either “teardrop 
intact” or “loss of teardrop” 
can be selected. b In the next 
grading step, the superior aspect 
of the acetabular rim can be 
evaluated. The region of interest 
is clearly marked by a red color 
overlay. Options extend from 
“no superior lysis or migration”, 
over “superomedial lysis or 
migration”, and “superomedial 
lysis or migration < 1 cm”, to 
“superolateral lysis or migra-
tion > 1 cm. c On the following 
page the posterior aspect of 
the acetabulum is evaluated. 
The region of interest is clearly 
marked by a red color overlay. 
Possible choices are: “intact 
posterior wall and/or no ischial 
lysis”, “deficient posterior wall 
and/or moderate ischial lysis” 
and “complete loss of posterior 
wall and/or severe ischial lysis”. 
d At the last grading step direct 
or indirect signs of pelvic dis-
continuity need to be assessed. 
If any signs of pelvic discon-
tinuity are present, such as 
“asymmetry of obturator fora-
men and/or medial migration of 
ischiopubic segment” (compare 
to the first and second marked 
image) or a visible fracture line 
can be observed (compare to the 
third marked image), the user 
can choose “yes” and continue
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fall into the good agreement range as defined by the scale 
of Landis and Koch [18]. For the control of the reproduc-
ibility of the ADC applications impact on the quality of 
rating, intra-rater agreement has been examined after a 
wash-out period of two weeks. The nS group achieved a k 
value of 0.678 ± 0.040, while the surgeon group achieved 
a k value of 0.830 ± 0.049. There was once more a signifi-
cant difference between both k values with the nS group 
registering lower than the S group (p < 0.001). Both values 
fall above the good agreement range with the nS group 
even displaying excellent agreement. The individual val-
ues for intra-rater reliability are illustrated in Fig. 3a, b.

The feedback provided by the included raters (nS) con-
veyed a positive attitude and underlined the ease of use 
and an appreciation for a structured approach to a com-
plex situation. Through the process of this evaluation, no 
technical issues such as failures to boot, slow servers and 
loading times or issues in coding were reported. The users 
displayed a steep learning curve and a quick adaption rate 
to the operating mode. During the conduct of this study, 
the web-based application could be utilized thorough out 
various operating system including Apple iOS, iPadOS 
and OSX (Apple, Cupertino, California, USA) and Win-
dows 7, 8, 9 and 10 (Microsoft Corporation, Redmond, 
Washington, USA) and Android Open Handset Alliance 
(Google Limited Liability Company, Mountain View, 
California, USA) (Fig. 4).

Discussion

The utilization of smartphone and mobile applications is 
projected to increase in the medical community [19–21]. 
While mostly younger and less experienced surgeons 
in the field of orthopedic and trauma surgery use their 
smartphone on a regular basis in clinical practice, surgeons 
with > 15 years of experience have shown to employ fre-
quent use of their mobile devices as well [13, 20]. Though 
the majority of “health” applications are generated for 
non-medical end users, content provided for medical pro-
fessionals is projected to increase [22, 23]. Considering 
the current trend of rapidly increasing smartphone use in 
the orthopedic community, the creation of mobile appli-
cations to aid the professional end users in their clinical 
practice appears to be a natural evolution [19].

Possible applications for mobile devices are nearly 
endless and include limited but instrumental tasks like 
goniometers, or simple but data-secure messaging tools 
and extend to complex classification systems and surgical 
reference guides as described below.

Acetabular bone loss in cases of revision hip arthro-
plasty has been a well-researched scientific field and many 
classification systems have been introduced as an attempt 
to manage the complexity [3–6]. In the literature, clas-
sification systems such as introduced by Paprosky et al., 
Gross et  al. and the AAOS display varying reliability 
mostly ranging from moderate to poor [24]. While clini-
cally and methodically well thought through, most clas-
sification systems are complex and appear overwhelming, 
especially when adopted by inexperienced surgeons. To 
provide a more reliable and easily adoptable classification 
system, the ADC has been introduced recently [7]. While 
presenting with good inter- and intra-rater agreement in 
the initial publication, it contains all clinically relevant 
defect morphologies while not being overly simplified. To 
further increase the ease of use, a conversion to a mobile 
application has been carried out resulting in this publica-
tion. Through our results, we were able to show that non-
specialist raters (medical students) were able to achieve 
sufficient results in a complex setting, such as acetabular 
defects, when compared to experienced orthopedic sur-
geons. To the knowledge of the authors, no other acetabu-
lar defect classification system has been converted to a 
mobile application and therefore direct comparison is cur-
rently not possible.

While the conversion of complex classification systems 
into mobile applications has not yet been widely adopted 
in the field of orthopedic and trauma surgery, there is a 
remarkably similar example in the literature. The group 
around Riouallon created a smartphone application to 
aid the utilization of the complex Letournel classification 

Fig. 2  The depiction of one of the possible results. In this case, in the 
field “ADC”, a 3b defect has been classified. Possible implant choices 
are provided in the “Treatment Option” field. Each therapeutic rec-
ommendation is specifically tailored to the evaluated defect and based 
on a thorough review of the literature and expert opinion. On the left 
side of the figure, an anatomical representation of the defect is pro-
vided to further convey detailed understanding of the bone morphol-
ogy
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system for acetabular fractures. Congruent to our own 
findings, the group discovered a high accuracy even for 
inexperienced raters through usage of the provided appli-
cation. In addition, Riouallon observed a significant reduc-
tion in average interpretation time when the app was used, 
which has not been evaluated in this study but would be an 
interesting question for future research [22].

Another famous and widely adopted example is the 
browser-based application AOSR (Arbeitsgemeinschaft 
Osteosynthese Surgery Reference) created by the AO Foun-
dation which helps with the classification of various frac-
tures all over the human and even animal body and offers 
surgical guidance as well [25]. An assessment of the accu-
racy of the AO Spine Thoracolumbar Classification as part 
of the ASOR has been recently conducted by de Araujo Ono 
and colleagues. They succeeded in showing that residents 
improved their ability to recognize and classify thoracolum-
bar spine fractures through app-usage. Therefore, they con-
cluded that their findings reinforce the importance of mobile 
applications in medical education and clinical practice [26]. 
The results of both publications support our findings.

The group around Dittrich recently conducted a large 
survey among orthopedic and trauma surgeons (n = 836) in 
order to investigate the current opinion regarding accept-
ance, future prospects and risks of the integration and use 
of smartphones in medical care [13]. Their results coincide 
strongly with our own aims in the creation of the ADC appli-
cation. The group discovered that mostly younger and less 
experienced doctors were prone to regular smartphone use 
in their clinical practice. The ADC application, while free 
to use for anyone, is especially aimed at less experienced 
surgeons entering the field of acetabular reconstruction in 
order to ingrain a structured and reproducible guideline for 
diagnostic evaluation from the beginning. To achieve wide-
spread adoption and regular usage, Dittrich found that an 
intuitive usability is considered favorable, which is produced 
by the structured algorithm of the ADC application and 
its walk-through-like design. Applications that are free of 
charge were also favored, which corresponds with the distri-
bution mode of our application. Two of the major concerns 
mentioned in the publication by Dittrich were the perceived 

risk of data misuse and the danger of using untrustworthy 
apps. As for the first concern, the data storage of the ADC 
applications is limited to the utilized device and is eradicated 
once the session has ended. No data is stored on web-based 
servers. As for the fear of utilizing an untrustworthy applica-
tion, it is worth noting, that the ADC in itself has been vali-
dated by the original publication of this group and therefore 
can be considered “safe to use” [7].

Our study presents the following limitations: the group 
of selected raters has not been randomized and was cho-
sen by chance through employment at our institution for 
the S group and through university-mandated fellowships 
for the nS group. The number of selected raters is limited 
and therefore, results achieved by a larger cohort might dif-
fer. In this publication only the direct comparison between 
results of the two different groups has been evaluated. An 
actual improvement of the medical students (nS) through the 
app has not been examined, but it is safe to assume that an 
unaided approach of a non-specialist rater in the task of ace-
tabular defect classification would yield lower k values for 
both inter- and intra-rater reliability. However, we strongly 
encourage future research by other groups in order to further 
evaluate our algorithm and application and gladly provide 
more detailed methods on request. Lastly, it is important to 
note that the web-based application merely offers a guided 
walk-through of the ADC. Visual and lyrical cues aim to 
increase ease of use of a complex classification system. 
Known deficiencies of acetabular defect recognition and 
classification, such as defect obscurrence by radio-opaque 
material, cannot be addressed by this type of application.

Conclusion

The app-guided assessment of acetabular defects offers a 
promising innovative approach to simplify complex situa-
tions. It makes the challenging field of acetabular revision 
arthroplasty more approachable, especially for less experi-
enced surgeons and offers insight and guidance in the plan-
ning stage as well as during the intra-operative process.

The digitalization of an acetabular defect classification 
through implementation of a web-based application is a 
valid approach to align the rating results and rating repro-
ducibility of non-specialists to those of experienced orthope-
dic surgeons. The introduction of the ADC application will 
hopefully spawn further advances to make surgical planning 
more intuitive in the future.

Fig. 3  The display of the individual k values for intra-rater reliability 
of the S group (a) and the nS group (b). All values fall at least in 
the good agreement range with two raters in the S group achieving 
excellent agreement. The different agreement ranges are labeled and 
divided by horizontal lines to provide an interpretative context to the 
k values. Y-axis features Cohens kappa and X-axis the individual rater 
ID 1–5 of specialist and non-specialist raters

◂
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Fig. 4  The presentation of the app-guided classification of a pre-oper-
ative X-ray of a 67-year-old, female patient with multiple previous 
operations of the affected hip. a shows the pre-operative AP pelvis 
view, loosening of the acetabular cage with superolateral migration 
and consecutive breakage of the screws on the cranial strap; b lists 
the selected subdivisions within the application: medial: the tear-
drop appears intact due to the superolateral migration; superior: the 
superolateral migration ensures a superior defect, removal of the 
fractured screws and bony debridement will further increase defect 

size, a superior defect of > 1 cm is to be expected; posterior: with the 
implant still in place radiopaque material limits the visualization of 
the posterior acetabular wall, cloudy osteolysis of the visible aspects 
indicate the presents of a bony defect, which should be selected 
accordingly. To further evaluate the posterior acetabular wall a CT 
scan can be helpful; pelvic discontinuity: the presented X-ray displays 
no indicators to suspect pelvic discontinuity. an ADC 3C defect with 
a treatment option is displayed
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