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Abstract

This study aimed to determine normal values of three parameters commonly used to determine malunion by
investigating intact scaphoids on sagittal computed tomography images from healthy individuals. We analysed
62 normal scaphoids and found the mean height-length ratio, lateral intrascaphoid angle and dorsal cortical
angle to be 0.58, 27° and 128°, respectively. These measurements had good-to-excellent, poor-to-moderate
and moderate-to-good inter- and intra-rater reliabilities, respectively. This study provides information on
normal parameters of the scaphoid that may inform clinical decision making when assessing malunion.
We suggest that the lateral intrascaphoid angle should be used with great caution as a measure of deformity.
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Introduction

Scaphoid waist fractures are not often displaced, but
they can be complicated by extension, supination and
anterior translation of the proximal fragment relative
to the distal fragment, creating a so-called "humpback
deformity” with or without union (Schwarcz et al., 2017;
Schweizer et al., 2012; Weber, 1980). Humpback defor-
mities disrupt carpal kinematics of the entire wrist
and, in some cases, result in dorsal intercalated seg-
ment instability (DISI) deformity that causes decreased
range of motion of the wrist, pain and osteoarthritis
(Amadio et al., 1989; Burgess, 1987; Gillette et al,,
2017; Nakamura et al.,, 1991; Smith et al., 1989).
Currently there is no consensus on reliable measure-
ments of scaphoid deformity; various measurements
are currently applied and their influence on patient
outcomes is a subject of considerable research. The
lateral intrascaphoid angle (LISA) has been suggested
to be a good predictor of outcome by some studies,
while others have indicated it to be a poor predictor
of outcomes, including restoration of motion, relief of
pain and regain in function (Afshar et al., 2015; Amadio
et al.,, 1989; Bain et al.,, 1998; Gillette et al., 2017;

Jiranek et al., 1992). The LISA is also suspected to
have poor inter- and intra-rater reliability; however, it
is commonly used when determining malunion (Bain
et al., 1998]). The height-length ratio (H/L ratio) has
been shown to have a high intra- and inter-rater reli-
ability but is a poor predictor of outcome (Lee et al,,
2015). The dorsal cortical angle (DCA) appears less
prone to observer bias than the LISA, but is a poorer
predictor of outcome. However, the DCA is not as well
studied as other measurements of scaphoid deformity
(Forward et al., 2009; Megerle et al., 2012; Ring et al.,
2005).

To the best of our knowledge, normal ranges for H/L
ratio, LISA and DCA have not been reported from a
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large group of normal individuals. For these measure-
ments to be studied and used for the prediction of
patient outcomes, the normal ranges must first be
determined. The present study aimed to determine
the normal values of the most commonly used meas-
urements (H/L ratio, LISA and DCA) from sagittal com-
puted tomography (CT) scans of the scaphoid bone. The
second aim was to investigate whether these param-
eters can be reliably measured by different observers.

Methods

We searched our database for all available CT scans of
hands and wrists taken with a Toshiba Aquilion One 320
scanner (Toshiba, Tokyo, Japan) in our institution
between 1 January 2016 and 31 May 2019. We included
CT scans of wrists with no disorders and CT scans with
disorders that were not related to the carpus. Exclusion
criteria were: patient age of <18 years; any type of
scaphoid pathology (e.g. fractures, osteoarthritis, arth-
ritis, enostoses, cysts); signs of carpal instability (e.g.
intercalated segmental instability configurations, sca-
pholunate widening); osteoarthritis or arthritis of the
wrist and/or carpal bones; fractures of the radius and/
or carpal bones; and signs of diseases in the carpus (e.g.
Kienbock's disease, congenital disorders). All CT scans
were reformatted along the long axis of the scaphoid
using IMPAX Client 6.6.1.8006 software [(AFGA
Healthcare, Mortsel, Belgium) and images of 0.5-2 mm
thickness were obtained. A single central image was
then selected, in which the scaphoid appeared to have
the greatest length. Three observers; a musculoskeletal
radiologist (DIR), a hand surgeon (RG) and an ortho-
paedic resident (CWGJ; carried out measurements. The
observers were blinded to other clinical information and
the other observers’ measurements. Each observer
repeated all measurements after at least 2 weeks.

Measurement techniques

All measurements were made using the IMPAX Client
software. The H/L ratio was calculated by dividing
scaphoid height by scaphoid length. Scaphoid length
was measured from the most proximal to the most
distal aspect of the scaphoid using a baseline drawn
along the anterior facet. The height was measured
using a perpendicular line from the dorsal cortex to
the baseline (Figure 1). The LISA was measured
according to the previously described method
(Amadio et al., 1989]) by drawing perpendicular lines
drawn on the proximal and distal articular surfaces
and measuring the angle between (Figure 2). The
DCA was measured as the angle between two tan-
gential lines drawn on the two flattest parts of the
dorsal cortex (Figure 3).

Figure 1. The measurement of scaphoid height (H) and
scaphoid length (L) from sagittal computed tomography
images of the scaphoid. The height-length ratio is calcu-
lated by dividing scaphoid height by scaphoid length.

Figure 2. The measurement of lateral intrascaphoid angle
(LISA) as the acute angle between the yellow lines from
sagittal computed tomography images of the scaphoid.
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Statistical analysis

A statistical power analysis for sample-size estimation
was based on previously published data of scaphoid
height and length (Bain et al,, 1998). This revealed
that, in order to identify the minimum possible differ-
ence in scaphoid bone length and height between gen-
ders, selected as 2mm, with an alpha of 0.05 and
power of 0.95, the required projected sample size
was 66. Our study was limited to 62 CT scans owing
to the poor quality of scans obtained before 2016, but
was considered to be adequate to achieve the main
aim of this study. Descriptive values were calculated
using measurements from all three observers. Inter-
and intra-rater reliabilities were estimated using the

Figure 3. The measurement of dorsal cortical angle (DCA])
as the obtuse angle between the yellow lines from sagittal
computed tomography images of the scaphoid.

Table 1. Patient demographics.

intraclass correlation coefficient (ICC), with an ICC
<0.49 defined as poor, 0.50-0.74 as moderate, 0.75-
0.89 as good and >0.90 as excellent (Koo and Li, 2016).
Multiple regression analysis was used to investigate
correlations between measurements and gender,
hand laterality, age and patient height (if available).

Results

We identified 1206 CT scans that were potentially eli-
gible for analysis. The exclusion criteria eliminated
1079 and 65 were excluded because of poor image
quality, leaving 62 for analysis. The indications for CT
examination in these 62 wrists were: suspected
scaphoid fracture (27%]); investigation of or sus-
pected metacarpal fracture (21%); suspected osteo-
arthritis or arthritis (15%); suspected fracture of
carpal bones other than the scaphoid (10%); pain
(10%); suspected pathology of the distal radioulnar
joint (8%); and other (9%). Demographic data are pre-
sented in Table 1. All measurements had a normal
distribution. Normal values of radiographic measure-
ments are presented in Table 2. Multiple regression
analysis showed a weak positive correlation between
age and scaphoid length (correlation coefficient 0.02;
p=0.01). No correlation was found between age and
scaphoid height. Individual height was found to be a
positive predictor for scaphoid height (correlation
coefficient 0.04; p <0.05) and scaphoid length (cor-
relation coefficient 0.11; p < 0.05). The H/L ratio was,
on average, 0.03 greater among men than women
(p=0.02). There was no significant correlation
between H/L ratio and age, hand laterality or patient
height. There was no significant correlation between
either DCA or LISA and age, gender, hand laterality
and individual height.

Reliability

Inter-rater reliability was good for H/L ratio, moder-
ate for DCA and poor for LISA. For all three obser-
vers, intra-rater reliability was best for the H/L ratio

All Male Female
Number of patients; n (%) 62 (100) 29 (47) 33 (53)
Age; mean (range) 39 (18-65) 36 (19-63) 42 (18-65)
Laterality, right/left; n (%) 35 (56)/27 (44) 19 (66)/10 (34) 16 (48)/17 (52)

Patient height® in cm; mean (range] NA (%)

172 (152-194) (34)

182 (170-194) (52) 167 (152-187) (18)

°If available. NA: not available.
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Table 2. Normal values of radiographic measurements on sagittal CT scans of the scaphoid bone.

All Mean (SD]) (95% Cl)

Male Mean (SD) (95% Cl)

Female Mean (SD) (95% Cl)

Height (mm) 14.5 (1.7) (14.3 to 14.7)
Length (mm) 25.2 (2.6) (24.9 to 25.6)
H/L ratio 0.58 (0.05) (0.57 to 0.58)
DCA [°) 128 (9) (127 to 129)
LISA (°) 27 (13) (25 to 29)

15.8 (1.3) (15.5 to 16.1)
27.3 (1.7) (26.9 to 27.7)
0.58 (0.05) (0.57 to 0.59)
129 (9) (127 to 131)

27 (14) (24 to 30

13.4(1.0) (13.2 to 13.5)
23.4 (1.7) (23.1 to 23.7)
0.57 (0.04) (0.56 to 0.58)
127 (9) (125 to 129)

26 (13) (24 to 29)

H/L ratio: height-to-length ratio; DCA: dorsal cortical angle; LISA: lateral intrascaphoid angle.

Table 3. Inter- and intra-rater reliabilities.

Height-to-length ratio

Dorsal cortical angle Lateral intrascaphoid angle

Inter-rater 0.83
Intra-rater 1 0.80
Intra-rater 2 0.92
Intra-rater 3 0.92
Intra-rater (all) 0.88

0.74 0.03
0.77 0.62
0.84 0.08
0.90 0.36
0.84 0.35

Values reported as intraclass correlation coefficients (ICC).

and worst for LISA. The ICC values for each meas-
urement are presented in Table 3.

Discussion

The present study showed a positive correlation
between age and scaphoid length suggesting that
scaphoid length increases throughout adult life,
which could indicate that other parameters of the
scaphoid also may change over time. Normal ana-
tomical variations like these contribute to the diffi-
culties in obtaining reliable two-dimensional angular
measurements of the scaphoid bone.

Measurements of carpal malalignment, particu-
larly the radiolunate (RL) angle, have been used as
indirect assessments of scaphoid malalignment
because DISI deformity is frequently observed in
scaphoid nonunion (Watanabe, 2011). The RL angle
has been reported to be positively correlated with
the H/L ratio as well as clinical outcomes (Kim
et al., 2016; Megerle et al., 2012) and can be mea-
sured reliably (Doéring et al., 2016; Larsen et al., 1991;
Lee et al., 2018; Vaezi et al., 2017), however meas-
urement of the RL angle is influenced by the position
of the wrist on lateral radiographs (Koh et al., 2013).
This parameter requires further investigation with
regards to scaphoid malalignment; however, we
believe that the normal range is well investigated
and widely accepted and therefore did not include
the RL angle in the present study.

The results of our measurements are comparable
with those of previous studies (Table 4). The H/L ratio
that we calculated is slightly smaller than previously
described, with a similar range and standard devi-
ation as other studies. Ten Berg et al. (2015a) exam-
ined 74 intact scaphoids and found a mean ratio of
0.61 (95% ClI: 0.54 to 0.69) using three-dimensional
modelling and automated calculation of the H/L ratio.
Although this approach will exclude observational
bias, possibly making it more accurate than our
study, the results may have been affected by the
lack of exclusion criteria. Increased H/L ratio is cor-
related with a higher degree of malunion; thus, our
results strongly support those of ten Berg et al.
(2015a). Consistent with other studies, we found the
H/L ratio to have good-to-excellent inter- and intra-
rater reliabilities.

Amadio et al. (1989) was the first to report normal
values for the LISA (mean 24° (SD 5°)) from measure-
ment of ten scaphoids on trispiral tomography. Bain
et al. (1998) applied this measurement technique to
CT scans but normal values for LISA were not obtained
due to poor intra- and inter-rater reliability. A confoun-
der of their study was the inclusion of a variety of scaph-
oid pathologies, which reduces the reliability of the
results. Consistent with the study of Bain et al. (1998),
we found the inter-rater reliability to be poor and incon-
sistent for measurements of LISA. Nonetheless, the
measurements of the radiologist (DIR) in the present
study had a moderate ICC (0.62), suggesting that
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Table 4. Comparison of measurements from previous studies.

n H/L ratio Mean (SD] DCA Mean (SD) LISA Mean (SD)

Afshar et al. (2015) 17 0.64 (0.02) 139 (1) 31 (1)

Amadio et al. (1989) 10 - — 24 (5)

Bain et al. (1998) 37 0.6 (0.04) 139 (25) —

Ring et al. (2005)* 15 0,61 69 50

Schweizer et al. (2012) 1" — — 28 (8.5)

Ten Berg et al. (2015a) 74 0.61 (0.04) — -

Present study 62 0.58 (0.05) 128 (9) 27 (13)

H/L ratio: height-to-length ratio; DCA: dorsal cortical angle; LISA: lateral intrascaphoid angle.
Values are means and standard deviation if presented as such in the study.

Values of the central/intermediate scaphoid axes are presented.

training may enable sufficient development of skill to
obtain more reliable angular measurements as shown
previously (Buijze et al., 2012).

We found the measurement of DCA to be more
reliable than has been reported previously, with
moderate bordering on good inter-rater reliability
and good-to-excellent intra-rater reliability. Ring
et al. (2005) studied 15 scaphoids and found intra-
and inter-rater reliability for DCA to be poor,
suggesting that this parameter cannot be measured
reliably. However, their study was limited by the
small sample size and exclusion criteria were not
described. We found DCA to be a reliable measure-
ment technique, but we recommend that angular
measurements are always interpreted with care.

This study has some limitations. First, it was a
retrospective study, and it was impossible to deter-
mine the race of any of the cases. According to The
Danish Population Register, the Danish population
consists of over 5.8 million people, the majority of
whom are Caucasian and approximately 6.1% are
mixed races from immigrants and their descendants.
Therefore, we can assume that the majority of our
cohort were Caucasian. Second, all CT scans were
of either the right or left hand, making it impossible
to comment on contralateral differences or to deter-
mine hand dominance. However, we identified no dif-
ferences in measurements between the right and left
hands, and multiple regression analysis showed no
correlation between laterality and any of the meas-
urements suggesting that laterality in itself is of
minor significance. A study performed by ten Berg
et al. (2015b) involving three-dimensional imaging
identified a lack of perfect symmetry between the
left and right scaphoids in 19 healthy adults; yet, on
average, the articular surfaces of the left and right
scaphoids were symmetrically aligned, suggesting
that use of the contralateral scaphoid as a reference
could be valuable for assessments of scaphoid frac-
ture and malunion.

In summary, this study presents normal ranges for
the H/L ratio, LISA and DCA on sagittal CT scans in the
long axis of the intact scaphoid. This information may
inform decision making and the assessment of mal-
union. We recommend that the H/L ratio and DCA are
used as more reliable measurements, while the LISA
should be used and interpreted with caution. Further
studies on associations between the H/L ratio and
DCA and the clinical outcomes of scaphoid fracture
and nonunion are warranted.
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