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Abstract

Purpose To develop and evaluate the reliability of an explicit
set of parameters and criteria for simple bone cysts (SBCs)
and evaluate the reliability of single versus serial chronologi-
cal reading methods.

Methods Radiographic criteria were developed based on the
literature and expert consensus. A single anteroposterior/lat-
eral radiograph from 32 subjects with SBC were evaluated
by three radiologists. A second reading was then conducted
using revised criteria including a visual schematic. In the third
reading the same images were assessed but radiologists had
access to images from two additional time points. Inter-rater
reliability was assessed after each reading using kappa (k)
and percentage agreement for categorical and binary param-
eters and intra-class correlation coefficient (ICC) for continu-
ous parameters.

Results Parameters that were revised with more explicit defi-
nitions including the visual schematic demonstrated con-
sistent or improved inter-rater reliability with the exception
of continuous cortical rim present and cyst location in the
metaphysis and mid-diaphysis. Cortical rim displayed only
slight reliability throughout (k= -0.008 to 0.16). All other
categorical parameters had a percentage agreement above
0.8 or a moderate (k= 0.41 to 0.60), substantial (k = 0.61 to
0.80) or almost perfect inter-rater reliability (x = 0.81 to 1.0)
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in at least one reading. All continuous parameters demon-
strated excellent inter-rater reliability (ICC > 0.75) in at least
one reading with the exception of scalloping (ICC = 0.37 to
0.70). Inter-rater reliability values did not indicate an obvious-
ly superior method of assessment between single and serial
chronological readings.

Conclusion Explicit criteria for SBC parameters used in their
assessment demonstrated improved and substantial in-
ter-rater reliability. Inter-rater reliability did not differ between
single and serial chronological readings.

Level of Evidence: Not Applicable
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Introduction

Simple bone cysts (SBC) otherwise known as unicameral
bone cysts are the most common benign bone lesions
in children and adolescents."? Patients with SBCs usually
present with fracture or pain in the affected limb.3- SBCs
have a high probability of recurrence and repeat fracture
after treatment,>¢'°and may even cause discrepant limb
lengths or angular deformity."*”"" While benign, SBCs can
have a life-long impact on children through risk of fracture
and activity restriction, thus, clinicians need reliable mea-
sures for their assessment.?112

The radiographic features of SBC can include those
used for diagnosis such as the location of the cyst, progno-
sis such as the cyst index,™ or as an outcome of treatment,
for instance, the Neer classification.' Other SBC features
are also consistent with various benign bone lesions, such
as cortical reaction. However, few of these parameters
have been shown to be reliable and the absence of spe-
cific criteria may partially explain the conflicting findings
as to which characteristics can be used to predict healing
or fracture.'?"

Beyond the criteria used to evaluate an evolving dis-
ease such as SBC, whether radiographs should either be
interpreted individually without review of prior images
or assessed in a chronological series has received little
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attention in the orthopaedic literature. While serial chrono-
logical readings may introduce bias from prior examina-
tions,' it may be advantageous to have an illustration of
the chronological progression of the disease which could
lead to assessments more sensitive to change.''®

The purpose of this study was: a) to evaluate the reli-
ability of radiographic criteria used in diagnosis, prognosis
or outcome of SBC as a typical benign bone lesion; and b)
to evaluate the reliability of a single versus serial chrono-
logical evaluation of radiographs for SBCs.

Materials and methods

Patient sample

The patient sample consisted of 32 patients aged four to
14 years (median ten years) with a radiographic diagno-
sis of a SBC. All participants were previously enrolled in
a multi-centre trial for the treatment of a SBC." For each
study subject, an anteroposterior (AP) and lateral (Lat)
radiograph of the cyst at baseline, one year and two years
post-treatment were obtained and de-identified. Approval
for this study was granted by the institutional research
ethics board of the Hospital for Sick Children, Toronto,
Ontario, Canada.

Development of radiographic parameters

A literature search using MEDLINE was conducted to
collate radiographic characteristics of SBCs. The follow-
ing search string was used: bone cysts/and (unicameral
or multicameral or simple), radiography, treatment out-
come, treatment failure and aneurysmal bone cysts. The
search was limited to the English language and filtered to
include humans and children 0 to 18 years old. Redundant
parameters describing similar characteristics were consol-
idated or eliminated. Parameters for characterization of
bone cysts were defined either by consensus of authors
or by modified criteria from existing definitions in the lit-
erature (Table 1). In some cases, variables were assigned
reference images (Fig. 1) and those parameters related to
continuous data such as cortical thinning were divided
into categorical scales such as 0% to 25%, 25% to 50%,
etc. Factors were grouped into those used for diagnosis,
prognosis and outcome assessment of SBC.

Radiographic assessment

The readers involved were three board-certified pae-
diatric musculoskeletal radiologists with 29, seven
and 13 years of experience after training, respectively
(PB, ASD, ]S). Each radiograph was assigned a subject
ID and images were read using picture archiving and
communications system workstations with the default
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calibration settings and measurement tools available in
clinical practice. The radiologists had no prior discussion
regarding measurement or specific instructions other
than the criteria provided. Data was recorded on a paper
case report form and later inputted into a secure RED-
Cap database.™

First reading

AP/Lat images from one of the three time points available
for each of the 32 patients was randomly selected and
reviewed by the three radiologists. After an initial analysis,
with the assistance of one of the radiologists (ASD) more
precise definitions were added to the criteria with partic-
ular attention to those with poor reliability (Table 1). A
visual schematic illustrating how to classify various cystic
features was also created (Fig. 2).

Second reading

Upwards of one year after the first reading, the two radiol-
ogists (PB, JS) not involved in the revisions to the param-
eters evaluated the same 32 AP/Lat radiographs using the
revised criteria, case report form and the visual schematic.

Third reading

At least two weeks after the second reading, the two
radiologists (PB, ]S) evaluated the same 32 radiographs
using the criteria. However, each radiologist had the abil-
ity to view all three images for the corresponding patient
simultaneously and had knowledge of their chronological
order (serial chronological method).

Statistical analysis

Based on the number of radiologists per reading, sample
size calculations yielded estimates of 32 patients required
for the first reading and 19 required for the second and
third reading."” All inter-reader reliability was determined
using the intra-class correlation coefficient (ICC) for con-
tinuous parameters and the kappa statistic (k) and per-
centage agreement for categorical or binary parameters.
ICC values range from 0 to 1 and values above 0.75 were
considered to have excellent reliability.?® Kappa values
range from -1 to 12" and were categorized as poor (k < 0),
slight (x = 0 to 0.20), fair (x = 0.21 to 0.40), moderate
(k=0.41 to 0.60), substantial (k=0.61 to 0.80) and almost
perfect (k = 0.81 to 1).22The kappa statistic tends to penal-
ize the reliability of data with an imbalanced distribution
that is heavily skewed towards positive agreement,?*%” as
agreement attributed to chance is then assumed to be
high which then lowers the kappa value.?® Therefore, per-
centage agreement was also used as a primary measure of
reliability in this study.
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[ ©: Cyst clearly visible

[J 11: Cyst visible but multilocular and opaque

[J 1 Sclerosis around or within partially visible cyst

[ 1V: Complete healing with obliteration of cyst

Fig. 1 Product scale developed to represent the cyst grade spectrum.

Results

Out of the 32 patients, 22 (69%) were male and ten (31%)
were female. There were 24 (75%) and eight (25%) SBCs
located in the humerus and femur, respectively. A sum-
mary of the resulting reliability values for bone measure-
ments and each of the parameters can be found in Table
2. All categorical parameters demonstrated moderate to
almost perfect kappa values during at least one of the
readings with the exception of the percentage of continu-
ous cortical rim and cyst location, which consistently had
a poor or slight kappa value. The percentage of scalloping
present around the cyst border was the only continuous
parameter to consistently demonstrate less than excellent
reliability.

Within the diagnostic parameters, cyst location and
periosteal reaction demonstrated variability in kappa

228

values, however, both had percentage agreement values
above 0.8 in at least one of the readings. Loculation had
fair to substantial reliability across readings. Prognostic
parameters based on continuous data demonstrating con-
sistently excellent reliability included cyst dimensions, cyst
volume and tubulation measurements. Cyst activity and
indices demonstrated less than excellent reliability in the
first reading only, otherwise they also showed excellent
reliability. Prognostic parameters based on categorical
data including the presence and absence of tubulation,
whether the tubulation caused expansion to the bone and
the presence and absence of scalloping demonstrated
slight to substantial kappa values but had percentage
agreement values above 0.8 across the second and third
readings. The outcome parameter of fracture had fair to
substantial kappa values but percentage agreement val-
ues above 0.8. Cyst grade had fair to moderate reliability.

J Child Orthop 2019;13:226-235
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Table 1 Diagnostic, prognostic and outcome parameters and their definitions, criteria and interpretation when present in simple bone cysts

Parameter

Definition and interpretation

Initial radiographic criteria

Revised radiographic criteria

Diagnostic
parameters

Cyst location*

Loculation*

Cortical rim”

Periosteal reaction?®

Bone
measurements”

Prognostic
parameters

Cyst activity®?*"

Cyst volume”

Tubulation*®

Location of cyst within the bone.

Are usually located in the proximal humerus or femur.*

Presence of well corticated cavities.

Unilocular: having a single cavity.
Multiloculated: having many small cavities, a greater
indication of recurrence.”®3’

Cortical bone surrounding the cyst.

A thickened continuous border is indicative of healing.
An osteolytic rim is indicative of a higher risk of
recurrence.”?%3

Incorporates radiodensity, zone of transition and
geographic or permeative borders. A continuous
cortical rim implies a greater percentage of radiodense
rim, a sharper zone of transition and a geographic
border.

Callus formation of thick, dense, wavy uniform new
bone resulting from irritation or injury.

Presence may be indicative of the existence of fracture.
Dimensions of the bone in which the cyst is located.

Distance of cyst to physis.

Active cysts may increase fracture risk".
Active: within 1.0 cm to physis®
Inactive: > 1.0 cm to physis?

Cyst length x width x depth

Increase in volume is indicative of recurrence and
potential fracture risk.”*'

Lateral growth and remodelling of the metaphysic into
a tubular shape.* Widening of the bone beyond normal
diameter.*

Wide metaphysis: indicative of non-healing.*

Check all that apply:

1) metaphyseal (in flare of
bone)

2) epiphyseal (across physis)

3) diaphyseal (below flare of
bone)

4) proximal

5) middle

6) distal.

Number of loculations (well

corticated cavities) present:

1) unilocular

2) 2to 4

3) 5to 10

4) >10.

Continuous cortical rim around
cyst:

1) absent

2) 1% to 24%

3) 25% to 49%

4) 50% to 74%

5) 75% to 99%

6) 100%.

1) Absent
2) present.

1) Length of bone (middle of
joint to middle of joint) (AP)
2) width of nearest physis (AP).

Smallest distance from middle of
physis to top or bottom of cyst

Cyst measurements:
1) longest length (AP)
2) widest width (AP)
3) widest depth (AP).

Defined as widening of the bone
beyond normal diameter:

1) absent

2) present

3) unable to measure.

Only if tubulation present:

4) widest width in area of
tubulation

5) expected bone width in area
of tabulation.

Check all that apply:
1) metaphysis

2) epiphysis

3) proximal diaphysis
4) middle diaphysis
5) distal diaphysis.

Number of intra-cystic loculations with a
continuous contour present:

1) unilocular

2) 2to 4

3) 5to 10

4) >10.

Continuous cortical rim around the cyst (%
of total circumference):

1) absent

2) 1% to 24%

3) 25% to 49%

4) 50% to 74%

5) 75% to 99%

6) 100%.

1) Length of bone (from level of proximal
extent of joint to level of distal extent of
joint) (AP)

2) thickness/width of nearest physis to cyst
(AP)

3) diameter of diaphysis (AP).

Shortest distance from middle of the
nearest physis to the outermost top or
bottom margin of the cyst

Cyst measurements (from inner cortex to

inner cortex):

1) longest length (from level of top to level
of bottom of cyst) (AP)

2) widest width (AP)

3) widest depth (Lat).

For chronological reading only; compared
with most recent radiograph, how has the
cyst volume changed?:

4) stable

5) decreased

6) increased

7) cyst absent.

Defined as widening of the bone beyond
normal diameter:

1) absent

2) present

3) unable to measure due to fracture.

Only if tubulation present:

4) has the cyst expanded the diameter of
the bone

5) widest width in area of tubulation

6) expected diameter of bone at level of
greatest width.

J Child Orthop 2019;13:226-235
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Table 1 Cont.
Parameter Definition and interpretation Initial radiographic criteria Revised radiographic criteria
Scalloping” Curves along the edges of the cyst border due to Defined as thinning of cortex, Defined as thinning of the cortex, measure
thinning of the wall.* measure based on two views: based on two views:
1) absent 1) absent
Is indicative of recurrence and non-healing. 2) present 2) present
3) percentage of overall cyst 3) percentage of total circumference of
Incorporates endosteal thickening, or the thickness of border that is scalloped. the cyst.
the endosteal border.
Cyst index™ Index is an assessment of the mechanical resistance of 1) Cystlength
the cyst wall, with lower cyst indices associated with 2) cyst width
fracture and recurrence. 8101334 3) cyst depth
4) the narrowest diameter of the diaphysis on AP film (from outer cortex to
Based on the original equation, patients with a cyst outer cortex).
index of > 5 mm and cortical thickness of < 1 mm are at
greater risk of fracture.*? Cyst index equations:
As many cysts do not have a trapezoidal area which is CystindexB = ¢ystarea
required for the original equation, two modified cyst diameter of diaphysis2
indices were developed and used.
. cystarea
Cyst'mdex13 = Y 5
diameter of diaphysis
. cystlength “ cyst width * cyst depth
Cystindex = Y 9 Y y2 P
diameter of diaphysis
Outcome
parameters
Cyst grade™ Cyst healing. Grade Ill and Grade IV cysts are considered Cole modification of the Neer Classification:?
to be satisfactorily healed.? 1) Grade | —clearly visible
2) Grade Il — visible but multilocular and opaque
Incorporates translucency and radiolucency which is 3) Grade Il — sclerosis around or within the partially visible cyst
equivalent to opacity. 4) Grade IV — complete healing with obliteration of the cyst.
A product scale with an image representative of each grade was provided for
visual reference during assessment (Fig. 1).
Fracture A break in the continuity of the bone as seen on the 1) Absent
radiograph. 2) present.

Indicative of cyst recurrence.

*parameters that were illustrated on the visual schematic created for the second reading

AP, anteroposterior; Lat, lateral

Bone measurements consistently demonstrated excellent
reliability with the exception of the width of the nearest
physis in the first reading.

Overall, the second reading using the revised criteria
and schematic displayed either consistent (difference <
0.10) or higher reliability values compared with the first
reading for all continuous parameters and for all cate-
gorical parameters with the exception of the location in
the metaphysis and mid-diaphysis and cortical rim for
percentage agreement. Using the schematic and revised
criteria, loculations, cyst activity, widest width of tubula-
tion, expected bone width in tubulated area, percentage
of scalloping around the cortical rim and bone measure-
ments all demonstrated improved reliability between the
first and second reading.

Comparing single and serial-chronological methods of reading

Between the single and serial chronological series meth-
ods, inter-rater reliability values did not indicate an obvi-
ously superior method. Parameters for which kappa
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values and percentage agreement had improved by more
than 0.2 (20%) were cyst location in the metaphysis and
mid-diaphysis. Number of loculations had a kappa and
percentage agreement value that decreased by more than
0.2 (20%). Continuous parameters had ICC values that
remained stable across methods.

Discussion

Reliable radiographic assessment is essential for the diag-
nosis, prognosis and outcome of benign bone lesions.
Although parameters such as the cyst grade, index
and activity had explicitly defined criteria in the litera-
ture,*>'*'%2? the remainder of SBC parameters did not. This
study initially evaluated the inter-rater reliability of param-
eters based on descriptions that were available, and after
a schematic and precise criteria were added, reliability
generally improved. Thus, the translation of these descrip-
tive characteristics into specific binary categories, ordinal
scales and quantitative measurements depicted in the

J Child Orthop 2019;13:226-235



INTER-RATER RELIABILITY OF SBC RADIOGRAPH CRITERIA

JOURNAL OF
CHILDREN’S ORTHOPAEDICS

Width of the nearest physis

Shortest distance to cyst top
(middle of physis to the outer margin)

Medullary cavity

Expected diameter of normal bone
(without tubulation) at level of greatest width

Cortical rim

Widest width of cyst
Width of tubulation

(widening of bone beyond normal diameter)

Intra-cystic loculations with a
continuous contour (4 locules)

Apophysis

Proximal epiphysis

Proximal metaphysis

Longest length of cyst

Diaphysis

Length of bone

% Scalloping (thinning)

0% 25% 50% 75%

% Cortical Rim Present

100% 75% 50% 25%

} Distal metaphysis

Distal epiphysis

Fig. 2 Visual schematic developed to illustrate criteria for radiologists in the second and third readings.

revised criteria should guide clinicians when evaluating
benign bone lesions such as SBCs.

Many of the SBC parameters that were evaluated in this
study are also relevant to other bone lesions.3%3¢In contrast
to prior studies, one notable trend is that the kappa val-
ues for the categorical parameters in our study displayed

J Child Orthop 2019;13:226-235

greater variance across readings than those reported in
prior literature.*3%35The likely explanation is that whereas
prior studies almost exclusively used binary scales (i.e.
absent or present), this study used ordinal scales. Multiple
categories provide clinicians with more specific informa-
tion but may affect reliability.

231



INTER-RATER RELIABILITY OF SBC RADIOGRAPH CRITERIA

Buipeal jo abeys sejnonued jey) 03 JueAdaLll Sem Jey) Jajaweled e Jo dAIEDIPUI A1 SBUl| payse( ‘|ed11oba)ed 10 SNoNUUOD Se UONEDLISSE|D Blep 0} aNP Paje|ndjed Jou anjeA ajedipul suaydAy ajbuls

|eAla}ul @2UdPLUOD ‘D fazIs djdwes ‘u

0LOI660 660 - 4 S60016/0 680 - - 7€ TE0-016/0- 1970 - - og sisAyd 153.00U Byﬂm:ﬂ
Sjuswalnseawl
66001560 860 - - [§3 66'001/6'0 660 - - 4 --- sisAydelp jo sa3owelq auog
0LoI0L 00l - -8l 0LoI0L 00l - - 6l 0Lo0L 00l - S T4 ubua)| suog
£9°0 0} /T0 - V0 650 @ T€ £L°00) /€0 - /S0 990 TE  6£00ISLO - [T0 W0 TS apeib 154D
$8°0 0 ¥Z7°0 - SS0 180 @ T€ 0L o1 Z¥ 0 - L0 060 1€ €S00}1Z0 - /€0 180 @ Tf ain}dely Jo dUIsAUY
76001890 80 - - 6T €60017/0 980 - - 0£ 09001500~ LEO - - og g xopu1 34D
) . . . . . 6€°0 . xapu1 sk
7600100 S80 - - 6L ¥6'001 /0 880 - - og 0 z900- L0 - - v xapul 154D
$8°0019¢0 /90 - - S8°001EF’0 00 - - 97 0L00¥/£00  /£0 - -l J1aploq 4o Juadidgd Buidoleos
9/°0 01 ££0°0 - o 180 z€ 8€0°0 01 S1°0- - SS0°0- 180 TE  SHO0OISLO - 080 690 Tt juasqe/juasald
L6001 /80 V60 - ST 4 86001 €60 /60 - - [T €6003EL0  S8°0 - - UIPIM du0q pa3adx3
66001960 8670 - -9 66001 /60 660 - - LT 66001€60 /60 - - “gn3 JO YIPIM IS3PIM -
£8°0 0} £20°0 - SK0 880 T€ 9/°00191°0 - 00 880 7€ e e e e uoisuedxa auog
88°0 01 ¥0°0 - 9%'0 880 z¢ 000100 - 000 060 0f €8°003ZH0 - €90 680 If juasqe/juasald
96°0 01 99°0 - 180 180 € - e e e e e e awnjoa ur abueyd
S6001080 060 - - og 96001 ¥8°0 760 - - 0f /6001680 S60 - - og awn|oA 354D
96001 €8°0 760 - 4 7600110 $80 - - 1€ 96001€8°0 760 - -l yrdap 15910310 awn|oA 354D
86001060 560 - -z 86°001 160  S6°0 - - 1E 1600¥ZL0 €80 - -1 UIPIM 1S9PIM
16003 /9°0 €80 - - og 76001890 €80 - - 0f S6001¥80 160 - - ybus) 1s9buoq
. . . . . . . : . doy 1sA>
86001060 560 - -8 $60018/°0 680 - 1€ S8001950 €40 - - 6L o1 sishyd wouy 32uesIq Ajnnde 356
87°0 01 ¥1°0- - 8900 990 T¢ 98°0 01 /400 - S¥0 80 TE  /800ISHO - 990 760 Tt jussqe/judsald  UOIdERI [e2)SOLIRd
6700 01 ¥90°0 - 8000° 000 ZE¢ 9L0°003(S00°0 - S000 #6000 TE 92003900 - 9I'0  0£0  TE WM [EDRJOD SNONURUOD 9% Wi [e2140D
657001220 - o #E0  T€ ¥8°0 01 §¥°0 - S9°0 990 TE  TF0oI9L0 - 620 80 Lf sSuONEINd0| JO JRqUINN uone|ndo]
000100 - 000 /60 @ T€ 000100 - 000 /460 TE 0LOI660 - 100 /60 @ Tf siskyderp 1s1Q
L6001 €50 - S0 880 @ T€ 85°0 01 [90°0 - 9Z0 €90 7€ 86001 Ly0 - 00 S80It siskydeip pIN
00103910 - €90 #60 @ T€ €€0°0 03 410 - €500- ¥80 TE €S00ILLO- - o  sLo  ce siskyderp “xouq uoneso| 356
000100 - 000 460 TE¢  SLOO0-OIELO- - /900~ 880 7€  0LO1660 - 00 /60 @ cE sisydidy
00'L 01 19°0 - 180 160  T€ €5°0 01 #1°0- - 6L0 650 TE S60018E0 - 990 €80 g siskyderspy
1D %S6 DDl 3 % u 1D %S6 DDl 3 % u ID%S6 DDl 3 % u is33Weleq

Buipeas payy

buipeas puodas

buipeau 35414

J Child Orthop 2019;13:226-235

(" JOURNAL OF
1CHILDREN’S ORTHOPAEDICS

Buipeas jo abeys sejndaed jey) 03 JueAd|Il Sem Jey) Jajaweded e Jo dAIIRIIPUL 4R Saul| payseq ‘[ed110633ed 1o snonury
-UO0d Se UOIIEdIISSE|D Blep 0} NP paje|ndjed jou anjea ajedipuil suaydAy ajbuissialaweded |je 10j sanjea (DD]) JUDIYD0D UOIIL[AIIOD Sse[d-eiiul pue (%) Judawaaibe abejuadiad ‘(31) eddey z ajqer

232



INTER-RATER RELIABILITY OF SBC RADIOGRAPH CRITERIA

JOURNAL OF
CHILDREN’S ORTHOPAEDICS

Diagnostic factors, such as the cyst’s location,*” num-
ber of loculations,”®% the presence of a cortical rim,”%3#
and evidence of periosteal reaction®**® have been used
to identify SBCs. The inter-rater reliability of the number
of loculations and periosteal reaction in this study were
similar or better compared with studies on other benign
bone lesions such as aneurysmal bone cysts*® or malig-
nant bone lesions, and are useful parameters.*'=** The cri-
teria for the cortical rim demonstrated consistently poor
reliability in this study due to the ambiguity of the cyst
walls. Comparable reliability values for cortical rim in
literature have varied depending on whether the study
evaluated cortical rim thickening or destruction.’'** The
lack of a consistent method of assessment and the vari-
ability in reliability indicates this parameter as an unreli-
able factor, therefore, we recommend against its use to
assess SBCs.

Prognostic information such as scalloping of the cyst
wall and tubulation*® (widening) have been associated
with non-healing and cyst recurrence. Additionally, active
cysts"?¥ oran increase in cyst volume’*' have been associ-
ated with fracture. Prior studies of lesions such as enchon-
droma and chondrosarcoma have demonstrated high
percent agreement,** with slight to fair kappa values.®
The reliability of tubulation, lesion activity and volume
have not been previously investigated but demonstrated
excellent values in this study and thus are useful parame-
ters. The cyst index as proposed by Kaelin and McEwen'
is another prognostic tool that has been used to assess
SBCs."#1942 Vasconcellos et al** reported poor inter-ob-
server reliability most likely due to the use of trapezoidal
shapes to approximate the cyst area for the equation. This
can create unreliability due to the variable configuration
of SBCs. To address this, one study used tracing software
to determine the area and reported substantial reliabil-
ity.>* The current study created two modified cyst indices
(A and B) based on a rectangular approximation. Both
demonstrated excellent reliability in the second and third
readings. However, as Cyst index B was more reliable in
the first reading and also accounts for cyst depth, this is
the preferred method.

Currently, the most commonly used measure of out-
come in the form of cyst healing is the Neer Classification,™
and the modified version by Hashemi-Nejad and Cole.?
Reliability values in this study were consistently lower than
previous studies reporting substantial or almost perfect
reliability (x = 0.76 to 0.88).33¢ This raises concerns that
cyst healing may not be a reliable measure of treatment
success. Identifying the presence of fracture had an excel-
lent percentage agreement as previously reported.*?

The second objective of this study was to assess the
reliability of reading radiographs individually versus in a
chronological series. Other studies have reported that the
serial chronological method of reading is both more sen-
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sitive to change and has greater reliability,’'® which could
be due to overestimations caused by the bias of knowing
that the series of images belongs to a single patient.’*?
This study did not find a significant difference between
the methods. However, radiologists observed that a series
provided more information for difficult assessments made
after fractures or surgery, enabled more accurate land
marking for measurements and assisted in cases where
images within a series varied in quality and thus should be
the preferred method.

There are many orthopaedic measurements that lack
specific criteria, which can cause variability in clinical eval-
uations. Many studies of measurement variability assess
reliability once and often conclude unreliability. This
study was relatively unique in that after finding poor reli-
ability values in the first reading, more specific criteria and
a schematic were developed which enhanced the reliabil-
ity of all but two parameters. As a result, variables that we
recommend for use in the assessment of SBCs include all
that were studied with the exception of the cortical rim.
Future studies should aim to not only evaluate reliability
but to also implement strategies to enhance reliability.

The main limitation for the current study is the generaliz-
ability of results. Reliability values and measurements were
obtained in a study setting from two to three radiologists,
all with long-term experience. However, radiologists did
not receive a formalized tutorial session prior to readings,
to mimic clinical practice and to minimize a false elevation
in reliability due to a study setting. Second, this study only
investigated variability due to the clinician.** Other sources
of variance such as patient or procedure may affect the
reliability and thus the reliability found in this study should
be considered a slight overestimate of the true reliability.*
Finally, this study evaluated the radiographic assessment
of SBCs and, therefore, the results cannot necessarily be
extrapolated to other benign bone lesions.

In conclusion, the majority of the radiographic criteria
developed for the diagnosis, prognosis and outcome of
SBC were found to be reliable and improved with explicit
criteria and a visual schematic. Inter-rater reliability did not
differ between single and serial-chronological readings.
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