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ABSTRACT

Objective: To assess inter- and intra-observer reliability of Mire-
Is scoring for the determination of pathological fracture risk in
metastatic bone lesions of 30 patients among six different levels
of experienced orthopedic surgeons who were trained in the
same university clinic.

Material and Methods: Thirty patients were randomly selected
from oncology unit consultations. Six observers were selected in
accordance to their orthopedic experience. Mirels parameters
except pain were evaluated by observers on two different times
without the observers being aware of each other.

Results: The Fleiss’ Kappa values were detected as x=0.21,
p<0.0001, and k=0.15, p<0.0001 by inter-observers at the first
and second observational points, respectively. The Kappa val-
ues were in perfect (k=0.95), fair (k=0.27) and fair (k=0.10) agree-
ments for the region, size and type of the metastatic involvement
by inter-observers at the first observational point. The same pa-
rameters had similiar scores as k¥=0.83, k=0.13 and «=0.28 for
region, size and type for the second observation. Fair (k=0.333),
moderate (k=0.413), fair (k=0.225), slight (k=0.035), fair (k=0.369

OZET

Amag: Bu calismanin amaci, metastatik kemik lezyonlar nede-
niyle olusan patolojik kirik riskinin tespiti icin gelistirilmis Mirels
skorlamasinin, metastatik lezyon tanisi alan 30 hastada ayni tni-
versite kliniginde egitim almis alti farkl tecribedeki ortopedist
arasindaki guvenilirligini degerlendirmekti.

Gereg ve Yontem: Siddetli veya en az orta derecede ekstremite
agnisi nedeniyle onkoloji birimi tarafindan konstlte edilen rast-
gele 30 hasta secildi. Agn disindaki parametreler gdzlemciler
tarafindan bir ay arayla birbirlerinden habersiz olarak degerlen-
dirildi.

Bulgular: Gézlemciler arasindak Fleiss" Kappa degerleri, sira-
siyla birinci ve ikinci gdzlem noktalarinda x=0,21, p<0,0001 ve
«=0,15, p<0,0001 olarak tespit edildi. ilk degerlendirmede goz-
lemciler arasi metastatik tutulumun lokalizasyonu, boyutu ve tipi
icin Kappa degerleri sirasiyla mikemmel (x=0,95), zayif (k=0,27)
ve zayif (k=0,10) olarak bulundu. Ayni parametreler bir ay arayla
ikinci kere degerlendirildiginde ise lezyonun lokalizasyonu, bo-
yutu ve tipi i¢in k=0.83, k=0.13 ve k=0.28 olarak benzer puanlara
sahipti. Gozlemcilerin kendi iclerinde, iki farkli zaman diliminde
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and poor (k=0.030) evidence of agreements were detected in
the comparison of the first and second observations for total
scores in seniority order.

Conclusions: Kappa analysis showed perfect agreement for re-
gion, but slight to fair for size and type. There was a significant
difference in overall scores across experience levels for the most
and least experienced observers. A new rating system with re-
vised parameters may be required to predict impending fractures.

Keywords: Pathological fractures, mirels, bone metastasis

agn olmadan diger parametrelere verdikleri cevaplarin toplam-
daki skorlari kidem sirasina gore zayif (k=0,333), orta (x=0,413),
zayif (xk=0,225), énemsiz dizeyde (k=0,035), zayif (x=0,369) ve
kdtl (k= -0,030) olarak géruldu.

Sonug: Kappa analizine gére gézlemciler arasinda lezyonun lokas-
yonu i¢cin mikemmel uyum gérilirken, lezyonun tipi ve boyutu
icinse dnemsiz diizeyde ve zayif bir uyum goérilmustdr. Total skor-
larda en deneyimli ve en az deneyimli gézlemciler arasinda énemli
bir fark tespit edilmistir. Bu sebeple yaklagan (impending) kiriklari
o6ngdrmek ve hastalarin prognozunu dikkate almak icin paramet-
relerinin revize edildigi yeni bir derecelendirme sistemi gereklidir.

Anahtar Kelimeler: Patolojik kiriklar, mirels, kemik metastazi

INTRODUCTION

More than 75% of diagnosed carcinoma patients exhib-
it an evidence of skeletal metastases during their treat-
ment (1). The most prevalent etiology of skeletal system
metastases are lung and breast cancers (2). Once cancer
spreads to the skeleton, cure can rarely be attained (3).
The most common regions of metastases are the spine
and the pelvis, followed by the femur (4). The diagnosis is
based on signs, symptoms, clinical findings and radiolog-
ical imaging. The mobility of these patients usually de-
creases due to severe pain. Spinal cord compression due
to pathologic vertebral fracture and pathologic fractures
of a lower extremity are two major reasons of morbidity
which may have devastating consequences for their on-
going oncological treatment (5).

With the increase in the global life expectancy of patients
with bone metastasis, it is crucial to determine the appro-
priate protocols aiming to improve the quality of patients
life. This has to be done even before the occurrence of a
pathologic fracture, and to preserve such stabilization for
the rest of their life (6).

Prediction of bone fracture risk due to metastasis, a scor-
ing system including four parameters including region,
pain, type (blastic, lytic or mixed) and the lesion size was
described by Mirels et al (7). The rating system is based
on 4 parameters, each scored from 1 to 3 (Table 1). The
individual scores are added for a final total score. Treat-
ment modalities are based on the risk of fracture accord-
ing to the final score (Table 2).

Table 1: Mirels’ scoring system (7)

Score
Parameter
2 3
Site Upper limb  Lower limb  Peritrochanter
Pain Mild Moderate Severe
Lesion Blastic Mixed Lytic
Size <1/3 1/3-2/3 >2/3

Table 2: Mirels’ definitions and treatment
recommendations (7)

Risk of

. Treatment
pathological Total score R

recommendations

fracture
Impending >9 Prophylactic stabilization
Borderline 8 Consider stabilization
Not impending <7 Nonoperative care

In this study, we aimed to investigate the intra- and in-
ter-observer reliabilty of Mirels’ scoring for the determi-
nation of pathological fracture risk in metastatic bone
lesions of 30 patients among six different levels of ex-
perienced orthopedic surgeons who were trained in the
same orthopedics clinic.

MATERIAL AND METHODS

This retrospective study was performed in accordance
with the principles of the Declaration of Helsinki. The re-
view included 30 patients radiologic demonstrations who
were under oncologic treatment for a primary cancer di-
agnosed with bone metastasis at a single tertiary referral
center. This study was approved by the ethics committee
of the Istanbul Faculty of Medicine Clinical Research Ethics
Committee, Istanbul University (Date: 11.02.2022, No: 03).

The thirty patients included in this study were randomly
selected from oncology unit consultations. Patients with
a pathological fracture at the time of initial presentation,
patients without a standard radiograph of the painful ex-
tremity and patients with previous adjuvant radiotherapy
(RT) to metastatic lesion were excluded from study. Plain
radiographs of the 30 patients were obtained from the
archives of our hospital server.

Six observers were selected in accordance to their or-
thopedic experience as following; one senior orthopedic
oncologist; one senior orthopaedic surgeon of shoulder
and elbow, one senior orthopedic surgeon, one junior
orthopaedic surgeon, one senior resident of orthopedics
and also one junior resident of orthopedics.
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All observers were blinded to patients’ data. Scoring
was done to the region (upper extremity, lower extremity
and trochanteric region), size (<1/3, 1/3-2/3, >2/3) with
electronic ruler and type (blastic, mixed, lytic) of meta-
static lesions by evaulating plain radiographs individu-
ally according to the Mirels’ scoring system. To remove
possible biases, pain criteria was not evaluated and other
parameters of the Mirels Classification were based on by
observers (8, 9). Therefore, scores were recorded from
nine instead of twelve. Parametres were evaulated on
two different times without the observers being aware of
each other.

Statistical evaluation

The Fleiss’ Kappa statistic was used for inter-observer
agreement in each two time points (one month interval)
individually. The intraclass correlation coefficient (ICC),
shows how strongly units in the same group resemble
each other and indicates the reliability of inter-observ-
er agreement in each time point. The Kappa statistic
(Cohen’s Kappa coefficient) was used for intra-observer
agreement (Table 3) (10). SPSS 24.0 was used for statis-
tical analyses to evaluate intra observer variability and
ICC value, but Stata 13.0 was performed for determining
Fleiss Kappa coefficient.

RESULTS

Region scores for the first and second observational points
were shown in Table 4, respectively. The Fleiss’ Kappa val-
ue was detected as 0.95, z=27.47, p<0.0001, according to
the region of metastatic bone involvement by inter-ob-

Table 4: Inter-observer scores of Mirels criteria

Table 3: The Kappa statistic agreement scores (10)

Value of Agreement

<0 Poor agreement

0.00-0.20 Slight agreement
0.21-0.40 Fair agreement

0.41-0.60 Moderate agreement
0.61-0.80 Substantial agreement
0.81-1.00 Almost perfect agreement

servers (Table 5). The Kappa coefficient was in perfect
agreement for the region by inter-observers. The intraclass
correlation coefficient (ICC) was calculated as 0.93, and it
indicates a good reliability of ratings by inter-observers
(high similarity between ratings from the same group).
Similar results were detected at the second observational
time between scores by inter-observers as the Fleiss’ Kap-
pa=0.83, z=24.09, p<0.0001 and ICC=0.99.

The second criteria that was evaluated by observ-
ers was the size (<1/3, 1/3-2/3, >2/3) of the metastatic
lesions. Scores given for the size of the lesions for the
first and second observational time, are shown in Table
4. The Fleiss' Kappa value was detected as 0.27, z=7.32,
p<0.0001, according to the size of metastatic bone in-
volvement by inter-observers respectively (Table 5). The
Kappa coefficient was detected as fair agreement for the
size of lesion by inter-observers. Intraclass correlation
coefficient (ICC) was calculated as 0.83, and it indicates
a good reliability of ratings by inter-observers. Similar

Region Size Type

UE LE PT <1/3 1/3-2/3 >2/3 Blastic Mixed Lytic

F/S F/S F/S F/S F/S F/S F/S F/S F/S
Orth. 15/15 6/7 9/8 11/1 11/5 8/24 1/8 2/12 27/10
Onco
Sho&Elb 15/15 5/7 10/8 3/15 8/7 19/8 2/1 11/11 17/18
Orth
Senior 15/15 6/7 9/8 1/2 6/13 23/15 1/0 13/9 16/21
Orth
Junior 15/15 5/4 10/11 2/4 6/4 22/22 6/5 11/4 13/21
Orth.
Sen. 15/15 5/4 10/10 2/2 16/12 12/16 1/1 5/14 24/15
Orth Res
Jun Ort. 15/15 7/8 8/9 2/0 9/8 19/22 3/4 8/9 19/7
Res.

Total: 30

F/S: First observational point/Second observational point, UE: Upper Extremity, LE: Lower extremity, PT: Pertrochanteric, Ort. Onco:
Orthopedic Oncologist, Sho&Elb Orth: Senior Shoulder and Elbow Surgeon, Senior Orth: Senior Orthopedic Surgeon, Junior Orth: Junior
Orthopedic Surgeon, Sen Orth Res: Senior Orthopedic Resident, Jun Ort. Res.: Junior Ort hopedic Resident
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results (slight agreement) were detected at the second
observational time between scores by inter-observers as
the Fleiss’ Kappa=0.13, z=3.34, p<0.0001 and ICC=0.76.

The third criteria evaluated by the observers was type
(blastic, mixed, lytic) of the metastatic lesion. Scores giv-
en for type of the lesions for the first and second observa-
tional times are shown in Table 4. The Fleiss’ Kappa value
was detected as 0.10, z=2.72 p=0.0032, according to the
type of lesions by inter-observers (Table 5). The Kappa
coefficient was detected as slight agreement for the type
by inter-observers. The intraclass correlation coefficient
(ICC) was calculated as 0.50, and it indicates a moderate
reliability of ratings by inter-observers. Similar but a little
better results (fair agreement) were found at the second
observational time between scores by inter-observers as
the Fleiss' Kappa=0.28, z=7.57, p<0.0001 and ICC=0.78.

Lastly, total scores for the first and second observational
times are shown in Table 6. The Fleiss’ Kappa value was
detected as 0.2, z=8.05, p<0.0001 by inter-observers (Ta-
ble 5). The Kappa value was detected as fair agreement
by inter-observers, and decreased due to decreasing
seniority. The intraclass correlation coefficient (ICC) was
calculated as 0.87, and it indicates a good reliability of
ratings by inter-observers. Similar but a little lower results
(slight agreement) were detected at the second time (two

months) between scores by inter-observers as the Fleiss'
Kappa=0.15, z=6.14, p<0.0001 and ICC=0.86.

For the orthopedic oncologist, there was a fair evidence
of agreement in the comparison of the first and second
observational times for total scores (k=0.333, p<0.001),
region (k=0.947, p<0.0001), size (k=0.019, p=0.821), and
type (k=0.097, p=0.160) (Table 7).

For the senior orthopedic surgeon of shoulder and el-
bow, there was a moderate evidence of agreement in the
comparison of the first and second observational times
for total scores (k=0.413, p<0.0001), region (k=0.947,
p<0.0001), size (k=0.209, p=0.134), and type (k=0.427,
p<0.007) (Table?).

For the senior orthopedic surgeon, a fair evidence of
agreement was detected in the comparison of the first and
second observational time-points for total scores (k=0.225,
p<0.012), region (k=0.893, p<0.0001), size (k=-0.074,
p=0.588), and type (k=0.195, p=0.237) (Table 7).

For the junior orthopedic surgeon, a slight evidence of
agreement was detected in the comparison of the first |
and second observational times for total scores (k=0.035,
p<0.012), region (k=0.945, p<0.0001), size (k=-0.172,
p=0.210), and type (k=0.024, p=0.840) (Table 7).

Table 5: Inter-observer analysis in each of the observational point for all observers

Subsets First observational point Second observational point
K-statistic  z-score ICC P value K-statistic z-score ICC p value

Overall 0.21 0.05 0.87 p<0.0001 0.15 6.14 0.86 p<0.0001
Site 0.95 27.47 0.93 p<0.0001 0.83 24.09 0.99 p<0.0001
Size 0.27 7.32 0.83 p<0.0001 0.13 3.34 0.76 p=0.0004
Type 0.10 2.72 0.50 p=0.0032 0.28 7.57 0.78 p<0.0001
Table 6: Results of total scores for intra-observer analysis

Orth. Onco  Sho&Elb Orth  Senior Orth ~ Junior Orth. Sen. Orth Res Jun Ort. Res.
Total Scores

F/S F/S F/S F/S F/S F/S
Score 3 0/0 0/0 0/0 1/0 0/0 0/0
Score 4 0/1 0/0 1/0 2/ 0/0 1/0
Score 5 4/5 373 0/1 3/5 2/3 172
Score 6 10 /7 6177 6/7 4/4 6/8 8/6
Score 7 11710 16/14 15/14 12/9 16/13 14 /13
Score 8 4/6 2/6 6/6 4/5 4/4 377
Score 9 11 3/2 2/2 4/6 0/2 3/2
Total: 30

F/S: First observational point/Second observational point, Ort. Onco: Orthopedic Oncologist, Sho&Elb Orth: Senior Shoulder and Elbow
Surgeon, Senior Orth: Senior Orthopedic Surgeon, Junior Orth: Junior Orthopedic Surgeon, Sen Orth Res: Senior Orthopedic Resident,

Jun Ort. Res.: Junior Orthopedic Resident




Reliability of the Mirels’ scoring system among orthopedic surgeons
Istanbul Tip Fakiiltesi Dergisi ® J Ist Faculty Med 2022;85(4):510-6

Table 7: Intra-observer analyses for the comparison of
two observational points

Observers Subset  k-statistic p value
Orthopedic Overall  0.333 p<0.0001
Oncologist Site 0.947 p<0.0001
Size 0.019 p=0.821
Type 0.097 p=0.160
Senior orthopedic Overall  0.413 p<0.0001
surgeon of shoulder  Site 0.947 p<0.0001
and elbow Size 0.209 p=0.134
Type 0.427 p<0.007
Senior orthopedic Overall  0.225 p<0.012
surgeon Site 0.893 p<0.0001
Size -0.074 p=0.588
Type 0.195 p=0.237
Junior orthopedic Overall  0.035 p<0.012
Surgeon Site 0.945 p<0.0001
Size -0.172 p=0.210
Type 0.024 p=0.840
Senior resident of Overall  0.369 p<0.0001
orthopedics Site 0.945 p<0.0001
Size 0.180 p=0.231
Type 0.104 p=0.424
Junior resident of Overall  -0.030 p=0.769
orthopedics Site 0.740 p<0.0001
Size -0.049 p=0.761
Type 0.026 p=0.851

For the senior resident of orthopedics, a fair evidence of
agreement was detected in the comparison of the first
and second observational times for total scores (k=0.369,
p<0.0001), for region (k=0.945, p<0.0001), size (k=0.180,
p=0.231), and type (k=0.104, p=0.424) (Table 7).

For the junior resident of orthopedics, a poor evidence
of agreement was detected in the comparison of the
first and second observational times for total scores
(k=-0.030, p=0.769) as well as comparing the scores for
region (x=0.740, p<0.0001), size (k=-0.049, p=0.761),
and type (k=0.026, p=0.851) (Table 7).

DISCUSSION

Metastatic bone disease may cause a pathologic fracture
with severe pain, hospitalization, and inevitably a surgery
with high risks. Moreover, perioperative morbidity may
be increased because of an established fracture. Pro-
phylactic procedures such as surgical fixation become a
necessity for patients with high pathological fracture risk.
The main objective is to identify impending pathologic
fractures that require surgical fixation prior to irradiation
in clinical settings (8). Mirels created a scoring system to
predict the metastatic bone fracture risk in 1988. He sug-

gested as the score increased above a score of seven,
the percentage of pathological fractures increased, but
a score of nine is the most diagnostic value threshold to
predict pathological fractures (7). However, Howard et al.
found that a Mirels score of nine has a specificity of 35%,
and they concluded that if the Mirels score is used as an
indicator for surgery, two thirds of patients would have
unnecessary surgery (9, 11). An impending pathologic
fracture has some characteristics such as having a proxi-
mal femur lesion of 22.5 cm, and to occupy 50% or more
of the bone diameter, and there is an adjacent lesser tro-
chanteric fracture nearby (12). In our study, kappa and the
Fleiss' kappa coefficient with intraclass correlation coeffi-
cient were used to score 30 patients with lesions accord-
ing to the Mirels’ rating system. We excluded the scoring
of pain severity to remove subjectivity (8,15).

In the literature review, there are a few studies related
to intra- and inter-observer variability scores in the pre-
diction of metastatic lesions. Howard et al. conducted a
study with four participants and 62 patients (9). Same as
in our study, objective parameters of the Mirels classifica-
tion were assessed two weeks apart, inter- and intra-ob-
server reliability scores were calculated using the Fleiss’
kappa statistic. Kappa values of scores for the inter-ob-
server were detected as k=0.554 for region, k=0.342 for
size, k=0.443 for radiographic view, and k=0.294 for the
total score, similar to our results. The authors conclud-
ed that there was a fair to moderate agreement between
observers at the first observational time, and moderate
to substantial agreement after two weeks. They men-
tioned that the Mirels’ score system is not objective and
does not have reproducibility for the risk prediction of
pathological fractures (9). Similarly in our study, the most
experienced observers had the highest and the least
experienced observer had the least agreement but the
other observers had different agreement levels that do
not belong to their experience level. In another study by
Damron et al., they evaluated the intra- and inter-observ-
er scores of 53 orthopedic surgeons or oncologists for 12
patients (12). They reported that the kappa values for the
inter observer variability indicated a high agreement for
region (k=0.752), moderate agreement for radiographic
view, and fair agreement for size, similar to our results ex-
cept for pain. Their overall sensitivity and specificity were
91% and 35%, respectively.

Furthermore, four orthopedic surgeons and four radiol
ogists scored radiographs of 47 patients having bone
metastases at the time of admission and after 12 weeks
in the study of El-Husseiny and Coleman (14). Evans et
al. suggested that the Mirels’ ratings system may give
false positive results leading patients to undergo an un-
necessary prophylactic surgery (15). In the study by Mac
Niocaill et al., radiographs with 35 lesions of 28 patients
were scored twice by three orthopedic oncologists (8). In
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their study, inter-observer agreement of the lesions were
found for size (k=0.27-0.60), region (k=0.77-1.0) and type
of the lesion (k=0.55-0.81). Unlike us, Damron et al. and
Macniocaill et al. stated that the Mirels scoring system is
a reliable and reproduceable clinical tool (8, 12). Howev-
er, their kappa values indicated slight and moderate to
high agreement for the size and radiographic view, and
perfect agreement for the region.

Borderline scores, such as score of 8, is problematic in the
Mirels’ classification system, and makes treatment options
uncertain for the selection of prophylactic fixation or sur-
gery. Therefore, the clinically use of Mirels’ recommenda-
tion may cause unnecessary fixation in approximately 2/3
of the patients (16). Damron et al. reported that oncolo-
gists had scored very inconstantly, and they were advised
to have an additional education (12). This is also true for
our group but we had only one orthopedic oncologist. To-
day’s golden standard, the Mirels’ score, may lead to over
treatment. Therefore, new methods such as finite element
analysis and computed tomography-based structural ri-
gidity analysis could be useful in the prediction of impend-
ing pathological fractures. Computed tomography-based
structural rigidity analysis calculates the reduction of 35%
or more in the affected femur rigidity with 100% sensitivity
and 61% specificity for the prediction of pathological frac-
tures (17). Finite element analysis measures the bone min-
eral density (11). These analyses are complex and difficult
to use in clinical settings. One of the conflicting results of
this study was that of not obtaining scores from pain. Our
aim was to evaluate objective parameters of the classifica-
tion, as no objective definitions were clarified related to
this integral part of the original classification. So, it might
be considered a highly subjective variable, and excluded
from assessment.

CONCLUSION

In conclusion, the difference between clinicians with dif-
ferent backgrounds and experience may partly influence
the scores. There was a significant difference in overall
scores across experience levels for the most and least
experienced observers but not for other observers. We
believe that the Mirels’ scoring system doesn’t consider
important factors such as comorbidities, radiotherapy,
underlying diseases and expected survival. Moreover,
there is a need for more specific guidelines for selective-
ly fracture risk in metastatic lesions of long bones. New
and more specific parameters and a satisfactorily revised
rating system is required to predict impending fractures.
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