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Introduction Wrist parameters measured on direct radiography are essential in
diagnosing scaphoid-related pathologies and treatment. Although computed tomog-
raphy has been used to establish normative for scaphoid measurement, no research has
focused on Indian norms. This study aimed to determine the distribution and normal
limits of parameters measured in our population’s posteroanterior (PA) and direct
lateral radiographs of the wrist.

Materials and Methods Two investigators conducted a prospective analysis of
normal wrist radiographs in a single center. Radiology information system-picture
archiving and communication system was used to collect standard digitized normal X-
rays without significant osseous pathology over a year. The sample size was 600,
distributed among age groups 18 to 30, 31 to 50, and 51 years and above. Scaphoid
length, scaphoid width, scapholunate ratio, and scapholunate distance using both
Cautilli and Gilula techniques were measured on a PA view, and scapholunate, radio-
scaphoid, and intrascaphoid angles were measured on a lateral view. As the lunate
morphology is supposed to affect carpal kinematics with the scaphoid, the same was
evaluated using the Viegas classification.

Results A total of eight measurements were documented. Scaphoid length, scaphoid
width measurements, and lateral intrascaphoid angle were more in males than in
females and were found to be statistically significant. No other parameters showed any
significance in terms of age and relation to lunate morphology.

Conclusion The study offers a comprehensive analysis of measuring parameters
specific to the Indian population. For the first time, the measurement of scapholunate
distance was conducted utilizing two distinct methodologies. The normative intra-
scaphoid angle range and clinical implications were determined.
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Normative Radiographic Measurements of Scaphoid in a Sample Indian Population

Introduction

Wrist biomechanics relies on the scaphoid, which links the
proximal and distal carpal rows. Knowledge of the standard
lengths and widths of the scaphoid at different levels may be
beneficial for inventory management in the operating room
during scaphoid fracture management, in instances where
screw placement is required, and in nonunion."2

Several measurements and indices, such as the scapho-
lunate (SL) angle, the scaphoid lunate ratio, and the SL gap,
have been used to quantify and diagnose carpal instabili-
ty.3‘5 The radioscaphoid angle has been recognized as a
quantifiable measure for assessing outcomes in intercarpal
arthrodesis.® The lateral intrascaphoid is described to corre-
late with scaphoid malunion, which alters wrist biomechan-
ics.” Type Il lunate shape with its lunohamate articulation is
described to reduce dorsal intercalated segmental instability
(DISI) deformity as it is invariably connected to scaphoid.8

The contralateral wrist cannot be used as a reference in
bilateral conditions. Some conditions that appear to be
unilateral have very modest asymptomatic involvement on
the side considered normal.® Several studies on a normal
database of posterior-anterior (PA) radiographic wrist meas-
urements are not exclusive to scaphoid-related param-
eters.'®'" There have only been a few studies on
normative data for the scaphoid, which are mainly computed
tomography (CT)—based.12 There is no normal morphometric
radiography database of the scaphoid in a representative
sample of the Indian population. This study aimed to estab-
lish a precedent regarding the normality of scaphoid bone
measurements among the Indian population, focusing on
their clinical significance. This article aims to provide a
standard normative database of PA and lateral radiographic
measurements of the scaphoid and its relationship to lunate
in an Indian population sample. The database would facili-
tate surgeons in achieving optimal corrections for scaphoid-
related disorders in the Indian population.

Materials and Methods

After institutional board ethical clearance, we conducted a
prospective analysis of normal PA and lateral wrist radio-
graphs. Using the radiology information system-picture ar-
chiving and communication system (RIS-PACS), we collected
standard digitized normal wrist X-rays and measured various
linear and angular parameters over 1 year. Normal wrist X-rays
were based on radiographs of patients presenting with contu-
sion, laceration, and abrasions to the hand and wrist and
radiographs of the wrist obtained from patients presenting
with carpal tunnel syndrome, tenosynovitis, and benign swel-
lings such as ganglion and lipoma. Contralateral radiographs of
patients presenting with radius malunion, scaphoid nonunion,
and Kienbock’s disease, which were taken as controls, were
also included in the study. Patients with a history of previous
fracture or surgery, as well as those whose wrist radiographs
indicated skeletal immaturity, were excluded from the study.
The sample size for the study was calculated to be 600 X-rays,
which was attempted to be evenly distributed among the age
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groups of 18 to 30, 31 to 50, and 51 years and above. We
compared the carpal measurements in these age groups and
also between males and females within those age groups. Only
the true PA and lateral (Scaphoid, Pisiform and Capitate [SPC])
radiographs were included in the study, as any deviation from
this would result in improper measurement of indices.'?

Standard radiographic measurements were taken on a PA
view.

Scaphoid central axis: The scaphoid axis is defined as the
line that passes through the tip of the proximal pole and the
midpoint of the tangential line traced to the distal articular
surface at the distal pole.

1. Scaphoid length (~Fig. 1A): The length of the scaphoid
bone is determined by measuring along the scaphoid axis,
which is represented by a line from the tip of the proximal
pole to the midpoint of a line drawn tangent to the distal
articular surface of the scaphoid at the distal pole.>'

2. Scaphoid width (=Fig. 1B): The term superior width
refers to the measurement of width at the distal pole,
taken at a right angle to the scaphoid axis. The mea-
surement of middle width is taken at the midpoint of
the scaphoid axis, perpendicular to it. On the other
hand, inferior width is the measurement taken at the
proximal pole, perpendicular to the scaphoid axis.’

3. SL distance/gap (~Fig. 1C): We quantified the SL gap via
two methodologies:

(i) The SL gap is determined by measuring the distance
from the proximal ulnar corner of the scaphoid to
the proximal radial corner of the lunate as described
by Cautilli and Wehbé.*

(ii) The SL gap is assessed at the central point of the flat
ulnar facet of the scaphoid and the radial facet of the

lunate, as described by Gilula and Weeks.'”

4. SL ratio (~Fig. 1D): The SL ratio is determined by
dividing the scaphoid length by the lunate length.
Lunate length is measured along its axis, that is, the
line perpendicular to the line joining the medial and
lateral corners of the anterior horn.”

On the lateral radiograph, we measured:

5. SL angle (~Fig. 1E): The angle formed by the longitudinal
axis of the scaphoid and lunate. The scaphoid axis on a
lateral radiograph can be determined by drawing a line
that passes between the proximal and distal volar con-
vexities of the scaphoid bone. The lunate axis is at a right
angle to a line connecting the distal poles of the lunate.

6. Radioscaphoid angle (=Fig. 1F): The angle formed

between the longitudinal axis of the scaphoid and
the radius on a lateral radiograph.®

7. Intrascaphoid angle (=~Fig. 1G): The angle formed

between the perpendicular lines on the scaphoid’s
distal and proximal articular surfaces (tangential
drawn to the articular surfaces).’”

8. Lunate morphology (=Fig. 2)

Haase et al® and Rhee et al'® were the first investigators to
discover the significant influence of Ilunate type

Indian Journal of Plastic Surgery © 2024. Association of Plastic Surgeons of India. All rights reserved.



Normative Radiographic Measurements of Scaphoid in a Sample Indian Population

\ Scapholunate
e L angle

Bhat et al.

Radio scaphol
angle

Fig. 1 Determination of key landmarks and linear and angular measurements.

(morphology) on carpal misalignment in persons with
scaphoid nonunions and complete SL ligament tears, respec-
tively. In 1990, Viegas defined the lunate morphology based
on the existence of a medial facet.'” The lunate with a single
facet that articulates with the capitate bone is classed as type
I, while the lunate with an extra facet that articulates with
the hamate bone is classified as type II.

Statistics

The coefficient of variation (CoV) was computed for all the
measurements documented in the literature. The CoV is
calculated by multiplying the standard deviation (SD) by
100 and dividing the result by the mean. The sample size was
determined using the formula, Z* 6*/D?, where Z represents

T
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Fig. 2 Lunate morphology as per Viegas classification.

the critical value (1.96), o represents the SD, and D represents
the margin of error. The study’s sample size was determined
to be 600 X-rays, with an attempt to evenly distribute them
among each group. The data was analyzed via the most
recent version of SPSS and presented as the sample mean
and SD. A p-value below 0.05 was deemed to have statistical
significance. An intraclass correlation test was used to com-
pare the measurements between two observers. Additional-
ly, the lead investigator took measurements 1 month apart to
compare within their own observations for the pilot study.

Results

Six hundred radiographs were analyzed, including 316 males
and 284 females in three different age groups (18-30, 31-50,
and more than 50 years). We analyzed 200 X-rays from each
age group. Measurements to study the gender variability
showed that the scaphoid length, superior, middle, and
inferior width measurements, and lateral intrascaphoid
angle were more in males than in females; this difference
was statistically significant (p < 0.05) with the Mann-Whit-
ney U test (=Table 1).

Measurements to study the variability in age showed that
none of the parameters exhibited any significant variation
with age on the Kruskal-Wallis test (~Table 2).

Interclass and intraclass correlations for all the measure-
ments showed excellent agreement between the observers
(~Table 3).

Lunate morphology did not influence the linear and
angular measurements in association with scaphoid articu-
lation (~Table 4).
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Table 1 Descriptive statistical data for the measured parameters with sex distribution

Parameters Male, mean (SD) Female, mean (SD) p-Value (Mann-Whitney U test)
(316) (214)
Scaphoid length (mm) 21.8 (1.7) 21.4 (1.6) 0.0.005
Scaphoid width (mm) 13.1(1.6) 12.3 (1.5) < 0.0001
(superior)
Scaphoid width (mm) 8.7 (1.2) 7.8 (1) < 0.0001
(middle)
Scaphoid width (mm) 5.8 (0.9) 5.2 (0.8) < 0.0001
(inferior)
SL ratio 9(0.2) 1.9 (0.3) 0.9
SL distance, proximal (mm) 4(0.7) 3.3(0.7) 0.14
SL distance, middle (mm) 5(0.5) 1.6 (0.5) 0.05
Radio scaphoid angle (degrees) 42.4 (5.1) 43 (4.9) 0.097
Lateral intrascaphoid angle (degrees) 24.2 (2.6) 23.7 (2.5) 0.007
Lateral scapholunate angle (degree) 48.3 (6.7) 48.1 (7.1) 1
Abbreviations: SD, standard deviation; SL, scapholunate.
Table 2 Descriptive statistical data for the measured parameters with age distribution
Parameters (mean, SD) 18-30y 31-50y >50y p-Value
(225) (225) (150) (Kruskal-Wallis test)
Scaphoid length (mm) 21.8 (1.5) 21.9 (1.5) 22.1(1.6) 0.08
Scaphoid width (mm) 12.5(1.4) 12.8 (1.6) 12.9 (1.8) 0.2
(superior)
Scaphoid width (mm) 8.4 (1.2) 8.2 (1.2) 8.3(1.2) 0.7
(middle)
Scaphoid width (mm) 5.5 (0.9) 5.5(0.9) 5.5(0.9) 0.9
(inferior)
SL ratio 1.9 (0.2) 1.9 (0.2) 1.9 (0.3) 0.09
SL distance, proximal (mm) 3.4 (0.6) 3.2(0.7) 3.4 (0.7) 0.08
SL distance, middle (mm) 1.6 (0.5) 1.6 (0.5) 1.5 (0.5) 0.5
Radio scaphoid angle (degrees) 42.8 (4.8) 42.6 (5.4) 42.7 (4.7) 0.6
Lateral intrascaphoid angle (degrees) 24 (2.4) 24 (2.6) 23.9 (2.6) 0.7
Lateral scapholunate angle (degrees) 48.8 (6.4) 48.6 (6.9) 47.1 (7.1) 0.07

Abbreviations: SD, standard deviation; SL, scapholunate.

Discussion

In routine clinical practice, two-dimensional plain X-rays in
both the PA and lateral planes are the fundamental approach
to imaging the wrist. Diagnosing pathological conditions
should be primarily based on the analysis of X-rays, followed
by additional investigations as deemed necessary.”> X-ray is
the commonly performed index investigation for assessment
of injuries related to scaphoid. When assessing the congruity
of the carpus, lateral radiographs are essential as the inter-
carpal bony congruence is diagnostic for many wrist con-
ditions.> The literature on radiographic studies on carpal
measurements is not exclusive to scaphoid measurements
and is part of carpal and wrist measurements.® Most recent

scaphoid normative studies are CT-based, with the sample
size ranging from 80 to 120." There is no published normal
morphometric radiographic database of the scaphoid in the
Indian population. Hence, this study was undertaken.

The scaphoid bone dimensions must be considered when
choosing implants for internal fixation. Measurements de-
termine the screw length and the number of screws needed
to compress and reduce by various levels. Our storage
inventory includes headless compression screws in 2.4-
and 3-mm diameters ranging from 16 to 40 mm. It is crucial
to find the best screw sizes for surgical outcomes, especially
in patients with scaphoid nonunion, where we use a radio-
graph of the normal side to evaluate screw length."? In
surgical cases, the inserted guidewire measures scaphoid
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Table 3 Descriptive statistical data for the measured parameters with inter- and intraclass correlation

Parameters Interclass %95 Cl Intraclass %95 Cl
correlation correlation

Scaphoid length (mm) 0.994 0.994 (0.986-1.003) 0.994 0.994 (0.993-0.995)
Scaphoid width (superior) (mm) 0.999 0.999 (0.995-1.003) 0.999 0.999 (0.998-0.999)
Scaphoid width (middle) (mm) 0.998 0.998 (0.994-1.003) 0.998 0.998 (0.998-0.999)
Scaphoid width (inferior) (mm) 0.998 0.998 (0.993-1.004.) 0.997 0.997 (0.997-0.998)
Lunate length (mm) 0.996 0.996 (0.991-1.003) 0.997 0.997 (0.995-0.998)
SL distance, proximal (mm) 0.991 0.991 (0.981-1.002) 0.991 0.991 (0.989-0.993)
SL distance, middle (mm) 0.998 0.998 (0.994-1.003) 0.988 0.988 (0.986-0.990)
Scapholunate ratio 0.998 0.998 (0.994-1.003) 0.998 0.998 (0.998-0.999)
Radio scaphoid angle (degrees) 0.989 0.989 (0.977-1.001) 0.988 0.988 (0.986-0.990)
Lateral intrascaphoid angle (degrees) 0.955 0.955 (0.931-0.979) 0.954 0.954 (0.946-0.9610
Lateral scapholunate angle (degrees) 0.994 0.994 (0.985-1.003) 0.994 0.994 (0.992-0.995)

Abbreviations: Cl, confidence interval; SL, scapholunate.

Table 4 Descriptive statistical data for the measurements between the two lunate morphology as described by Viegas

Parameters Type | (343) Type 1l (257) p-Value
SL distance proximal 3.3(0.7) 3.3(0.7) 0.5
SL distance middle 1.5 (0.5) 1.6 (0.5) 0.1
Radio scaphoid angle 42.6 (5.1) 42.9 (4.8) 0.3
Lateral intrascaphoid angle 23.9 (2.6) 23.9 (2.5) 0.9
Lateral scapholunate angle 47.9 (6.9) 48.7 (6.7) 0.2

Abbreviation: SL, scapholunate.

screw length, although knowing the average length in men
and women is helpful. Our data showed that male scaphoid
length averaged 21.8 (1.8) mm and females 21.4 (1.6) mm. It
was statistically significant (p =0.005). Belgian research by
Feipel et al® found an average length of 22 mm. Iranian
researchers'? analyzed Mashhad residents’ radiological in-
dices. The study found a mean scaphoid length of 23.1
(3.6) mm, with males at 25.5mm and females 20.5 mm.
These findings differ slightly from our study. The mean
superior, middle, and inferior widths were 12.5 (1.4), 8.3
(1.2), and 5.5 (0.9) mm. These measurements were slightly
lower than Feipel et al.> We found that males had longer
scaphoid length, superior, middle, and inferior widths, and a
larger lateral intrascaphoid angle. This difference was signif-
icant (p <0.05) using the Mann-Whitney U test. Angular
measurements can vary with ageing due to degenerative
changes."* We found no significant difference between linear
and angular measurements with age.

The main characteristics of SL dissociation are scaphoid
flexion and lunate extension, leading to DISI. Changes in the
PA projections of these two bones would reduce the SL ratio.
The average PA SL ratio in our population was 1.94 (SD 0.23),
slightly more than that described by Feipel et al, which was
1.4.° However, there was no significant difference among the
various age groups and genders. The PA SL ratio below 1.00

would be considered abnormal, suspecting dissociation lead-
ing to carpal instability.

A SL distance greater than 5 mm is considered pathologi-
cal and is a measure of SL dissociation leading to instability. If
there is no foreshortened scaphoid or “cortical ring sign”
with the wrist in the neutral position, a SL distance of up to
5 mm should be regarded as within normal limits. Due to the
considerable heterogeneity observed in the criteria
employed for diagnosing SL dissociation, it was deemed
imperative to establish a standard reference measurement
for SL distance in asymptomatic wrists of individuals lacking
any history of trauma. None of the studies done to date
measures SL gap by two separate methods (Cautilli and
Wehbé and Gilula and Weeks method), which helps in the
assessment of carpal instability. The article by Cautilli and
Wehbé* examined radiographs of 100 asymptomatic indi-
viduals. Mean values of 3.7 (0.6) mm were obtained, with
females having 3.6 (0.5) mm and males having 4 (0.5) mm
compared to our study, where females had 3.3(0.7) mm and
males had 3.4 (0.7) mm.

Gilula and Weeks'® state that SL dissociation can be
identified when the distance exceeds 2 mm, and a diagnosis
is confirmed when the measurement is 4mm or above.
According to our study, the average scapholunate distance
(SLD), measured using the Gilula and Weeks method, was 1.6
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(0.5) mm in females and 1.5 (0.5) mm in males. In our study,
the average SLD was 1.6 (0.5) mm for individuals aged 18 to
30years, 1.6 (0.5) mm for individuals aged 31 to 50 years, and
1.5 (0.5) mm for individuals above 50 years of age. There was
no statistically significant disparity in the scores among the
gender and age categories. The study conducted by Katayama
etal'®in 2015 included 134 healthy individuals. The findings
revealed that the average measurements for men and wom-
en using the Gilula and Weeks technique were 1.2 (0.2) mm
for both genders. Hence, our SL distance values obtained
from both methods are similar to those reported in the
existing scientific literature.

A cadaveric investigation by Bain et al'® examined lunate
morphology’s effect on carpus three-dimensional kinemat-
ics. Compared to type Il wrists, type I wrists (Viegas) had a
statistically significant increase in radiocarpal joint mobility
which was attributed to lunatohamate articulation by Haase
et al.® Further lunatohamate articulation may protect against
SL instability after a scaphoid fracture. Our study on two-
dimensional normal radiographs found no significant
changes in lunate morphology and SL distance.

In normal wrists, the SL angle averages 46 degrees and
ranges between 30 and 60 degrees, according to Linscheid
and colleagues.' In 1989, Nakamura et al?® examined 84
wrist radiographs from healthy individuals and found an
average angle of 56 degrees. In 2003, Thienpont et al’'
examined 126 wrist radiographs from healthy individuals
and found an average angle of 53.5 degrees. A recent survey
in a representative Turkish population found that mean
Scapholunate angle (SLA) value was 56.2 (12.2) degrees.
Females had a mean scpholunate angle (SLA) value of 56.9
(12.6) degrees and males 55.04 (11.5) degrees. In the age
group of 18 to 30 years it was 55.7 (11.7) and 55.9
(11.7) degrees in the age group of 31 to 50 years, and the
age group over 50 years had 57.2 (13.7) degrees. However,
there were no statistically significant differences between
gender and age groups. Our study found that males had an
average SL angle of 48.3 (6.7) degrees and females 48.1
(7.06) degrees. No age or gender difference was statistically
significant. Compared to the normal range, the values are
low. Additionally, lunate morphology did not differ in angu-
lar measures.

Intrascaphoid malunion substantially alters wrist biome-
chanics. Because of an increased lateral intrascaphoid angle,
truncated volar cortex generates a “humpback” deformity. SL
angle and carpal bone links change with scaphoid anatomy.
This produces DISI. The lateral intrascaphoid angle best
delineated positive and negative clinical outcomes, accord-
ing to Amadio et al.” The study determined satisfactory and
unsatisfactory results using a 35-degree lateral intrasca-
phoid angle criterion. No studies have determined intra-
scaphoid angle norms. Our study demonstrated a
statistically significant mean intrascaphoid angle of 24.2
(2.6) degrees in males and 23.7 (2.5) degrees in females
(p=0.007). Additionally, lunate morphology did not affect
angular measurements.

A shift in scaphoid bone orientation (vertical or horizon-
tal) during intercarpal arthrodesis operations like scapho-

Bhat et al.

trapeziotrapezoid (STT) or scaphocapitate (SC) fusion affects
wrist range of motion. Minamikawa et al’s cadaveric investi-
gation recommends radioscaphoid angle of 41 to 60 degrees
for STT fusion and 30 to 57 degrees for SC fusion for optimal
and acceptable motion in all four planes.® In the present
scenario, understanding the normative radioscaphoid angle
is critical. Radioscaphoid angles averaged 42.4 (5.1) in men
and 43 (4.9) inwomen in our study. There were no significant
angle changes with age.

In contrast to previous studies conducted on a comparable
topic,2223 the sample size of the cohort under investigation
in our study is substantial with a prospective design; none-
theless, further efforts are required to ensure adequate
representation of diverse ethnic backgrounds. The study
group lacks acceptable homogeneity regarding age and
gender distribution, and the body mass index has not been
computed. Two authors utilized the PACS system to conduct
all necessary procedures electronically, and subsequently,
the reliability of both interobserver and intraobserver was
assessed.

To conclude, our study evaluated eight scaphoid-specific
variables across age and gender. Males had larger scaphoid
length, superior, middle, and inferior widths, and lateral
intrascaphoid angles than females. with a statistical signifi-
cance (p < 0.05). This study was one of the first to quantify
SL distance using two methods. Our research has estab-
lished this clinically essential information for scaphoid
malunion by providing normal intrascaphoid angles in
different age groups and genders. A comprehensive collec-
tion of normal X-ray readings helps investigate pathologies.
The data may predict long-term functional outcomes in
scaphoid fracture, wrist instability, and wrist arthritis
patients.
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