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Abstract

Purpose Early diagnosis and treatment of scaphoid fractures is critical to achieve union and prevent wrist degenerative
arthritis. Plain radiographic measurements can guide the early approach to suspected fractures. Specifically, the ability to
predict fracture or fracture stability from plain radiographs may allow the traumatologist to expand initial referral to three-
dimensional imaging. We evaluated the ability of four measured angles to predict presence of a scaphoid fracture and stability.
Methods Fifty patients with a scaphoid fracture and 50 patients without fracture were evaluated for the cortical ring sign,
scapho-lunate gapping, lateral scapholunate (SL), radio-scaphoid (RS), radio-lunate (RL), and radio-capitate (RC) angles
by two-blinded observers.

Results Measurement of an increased SL interval was associated with the presence of a scaphoid fracture as diagnosed on
three-dimensional imaging [odds ratio (OR) 3.0, confidence interval (CI) 1.53-5.87, p= <0.01]. The measured RL angle
was associated with fracture displacement (OR 1.13, 95% CI 1.02-1.25, p=0.02).

Conclusions Scapholunate gapping on plain radiographs in the context of a clinically suspected scaphoid fracture should
increase suspicion for a fracture and may prompt earlier 3-dimensional imaging, while the presence of an abnormal radiolu-

nate angle should increase wariness for instability and can be used in preoperative planning.
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Introduction

Scaphoid fractures are the most common carpal bone frac-
ture accounting for 2% of all fractures and 60-90% of all car-
pal fractures [1]. Despite their high incidence they are often
a difficult fracture to both diagnose and treat. The scaphoid's
tenuous blood supply and presence of vascular watershed
area as well as instability of the fracture fragments create
a poor fracture healing environment that can cause difficul-
ties with union in both displaced and nondisplaced scaph-
oid fractures. Those fractures that go undiagnosed, entail
significant associated instability, or have a delay in treat-
ment, have an increased risk of nonunion which can result in
eventual degenerative arthritis of the wrist. Early diagnosis
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and treatment of scaphoid fractures is therefore imperative
to best achieve union and prevent resultant carpal instability,
nonunion, and degenerative arthritis of the wrist [2]. Though
three-dimensional imaging is often used for diagnosis, the
initial evaluation includes a plain radiograph of the wrist. If
certain measurements on a plain radiograph could predict
the presence and/or displacement of a scaphoid fracture and
associated instability, our ability to diagnose these fractures
early and therefore treat expediently could be enhanced.
There are multiple described radiographic signs of car-
pal instability. These include increase in the scapholunate
(SL), radio-lunate (RL), and capito-lunate angles on lateral
radiographs of the wrist [3, 4]. The presence of a cortical
ring sign has also been thought to signal carpal instability
however, its presence has been found in up to 17-25% of
normal wrist radiographs [5, 6]. As stated, scaphoid frac-
tures with signs of associated carpal instability have been
considered unstable fractures and carry an elevated risk of
nonunion and other complications. Considering this data,
it is uncertain how radiographic signs of carpal instability
in scaphoid fractures should be interpreted. Furthermore,
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though some studies have evaluated the associations between
radiographic measurements and scaphoid malunion or non-
union, it is unclear how helpful these measurements are in
diagnosing a suspected and or displaced scaphoid fracture.
We aimed to evaluate the effectiveness of four measured
angles (lateral scapho-lunate, radio-scaphoid, radio-lunate,
and radio-capitate angles) and the cortical ring sign, in pre-
dicting the presence of a scaphoid fracture and of fracture
displacement/instability. We hypothesized that measure-
ments used to evaluate wrist alignment will not predict the
presence or absence of a fracture but will predict the pres-
ence of fracture displacement. Since early diagnosis and
treatment of a scaphoid fracture is vital in preventing non-
union and subsequent wrist arthritis, an understanding of
the ability for radiographic measurements to predict fracture
and fracture instability would aid in the initial approach to
suspected scaphoid fractures.

Methods

Six hundred radiographs performed for a suspected scaph-
oid fracture were reviewed. Of these, fifty cases were
diagnosed as a scaphoid fracture by three-dimensional
(3D) imaging and eligible for analysis (8%). Analysis of
wrist radiographs performed as standard of care for 50
patients with the diagnosis of a scaphoid fracture and
50 patients with no 3D diagnosis of scaphoid fracture
between 06/23/2014 and 08/16/2021 was performed. We
included only cases with concurrent three-dimensional
imaging, either magnetic resonance imaging (MRI) or
computed tomography (CT) scan. Exclusion criteria for

Figure 1c

the scaphoid fracture cohort included radiographs of poor
quality or scans with pathology other than a scaphoid
fracture. Exclusion criteria for the normal radiographic
cohort included radiographs of poor quality or scans with
any wrist pathology. Both posteroanterior (PA and lat-
eral plain radiographs of the wrist were used to assess
for the presence of a cortical ring sign and to measure
the lateral scapho-lunate (SL), radio-scaphoid (RS), radio-
lunate (RL), and radio-capitate (RC) angles. Two-blinded
observers performed the measurements. Five degrees of
angle measurement was considered a significant differ-
ence. Figure 1 demonstrates measurements of the lateral
view angles (Fig. 1).

Scaphoid fracture displacement was defined as 1 mm
or more of displacement between the fragments on either
MRI or CT scan. Demographic data were limited and only
age and gender were collected.

Statistical analysis

Patient demographics and radiographic measurements
were summarized under normal vs fracture patients or
nondisplaced fracture vs. displaced fracture and were com-
pared by two-sample t-test for continuous variables and
chi-square test for categorical variables. Univariate logis-
tic regression was used to assess the association between
the measurements and the fracture type. Intraclass correla-
tion coefficient (ICC) was obtained to assess the agreement
between observers. All statistical tests were two-tailed and
significant level was set at P <0.05. All analysis was con-
ducted in the R statistical software environment.

Figure 1d

Fig. 1 a Lateral scapholunate angle, b lateral radio-scaphoid angle, ¢ lateral radiolunate angle, d lateral radiocapitate angle
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Results

One hundred radiographs were available for analysis. We
included 50 that had been read as normal on three-dimen-
sional imaging and 50 that had been read as a scaphoid frac-
ture. Twenty-three fractures were displaced (46%). Thirty-
eight were fractures of the scaphoid waist (76%), 8 were
proximal pole fractures (16%), and 4 were distal pole or

Table 1 Comparison between radiographs with a scaphoid fracture
and normal wrist radiographs

All Fracture Normal P-value
Age
Mean (SD)  45.3(19.5) 39.1 (18.0) 51.5(19.2) <0.01
Gender <0.01
Male 61 (61.0%) 40 (80.0%) 21 (42.0%)
Female 39 (39.0%) 10 (20.0%) 29 (58.0%)
AP SL Interval <0.01
Mean (SD) 1.66 (0.739) 1.91 (0.833) 1.41(0.529)
SL angle 0.57
Mean (SD)  58.5 (14.3) 59.3 (13.6) 57.6 (15.0)
LA RS angle 0.02
Mean (SD) 49.2 (14.5) 45.7 (11.6) 52.7 (16.4)
LA RL angle 0.09
Mean (SD)  12.5 (9.17) 14.0 (10.5) 10.9 (7.45)
LA RC angle 0.84
Mean (SD) 15.7 (8.75) 15.9 (8.76) 15.6 (8.82)

LA lateral, SL scapholunate, RS radioscaphoid, RL radiolunate, RC
radiocapitate

Increasing SL interval was significantly associated with the presence
of a scaphoid fracture on 3- dimensional imaging

Fig.2 On the right: Poster-
oanterior view of a right wrist
without a scaphoid fracture on
3-dimensional imaging and a
normal (1.1 mm) scapholunate
gap. On the left: Posteroanterior
view of a left wrist that was
read as no fracture and a wide
(3.1 mm) scapholunate gap on
the original radiograph and
demonstrated a scaphoid frac-
ture on 3-dimensional imaging

tuberosity fractures (8%). Of the fracture group 80% were
male and the average age was 39.1(18.0) as opposed to 51.5
(19.2) in the non-fracture group (Table 1).

The comparison of the fracture and non-fracture groups
is summarized in Table 1. (Table 1) Of the radiographic
measurements, a widened posteroanterior SL interval was
associated with the presence of a scaphoid fracture [odds
ration (OR) 3.0, CI 1.53-5.87, p= <0.01] (Fig. 2).

Table 2 describes the comparison between the displaced
and nondisplaced fractures. An enlarged lateral radio-lunate
angle (LA RL) was significantly associated with fracture
displacement. With an Odds Ratio (OR) of 1.13, 95% con-
fidence interval (CI) 1.02-1.25, p=0.02, with a one-unit
increase in LA RL angle, we expect to see about 13%
increase in the odds of having a displaced scaphoid fracture
(Fig. 3).

The intraclass correlation coefficient for each measure-
ment showed an overall variability among observers. The
LA RL angle was the most consistent at 0.74 and the LA RS
angle having the most variability at 0.23 (Table 3).

Discussion

Our cohort was consistent with the literature in that the frac-
ture population consisted of younger males [7]. Our fracture
group was younger than the non-fracture group.

Scaphoid nonunion is a commonly encountered sequela
that necessitates surgical treatment to obtain healing and
prevent arthritic degeneration. The mode of displacement
of scaphoid fractures has been shown to include extension
and supination of the proximal fragment with no signifi-
cant motion of the distal fragment. Resultant flexion of
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Table 2 Comparison between

: . All fractured patients Nondisplaced fracture Displaced fracture P-value
displaced and nondisplaced
fractures Age
Mean (SD) 39.1 (18.0) 42.7 (19.4) 34.9 (15.5) 0.12
Gender
Male 40 (80.0%) 19 (70.4%) 21 91.3%)
Female 10 (20.0%) 8(29.6%) 2 (8.7%) 0.09
AP SL Interval
Mean (SD) 1.91 (0.763) 1.88 (0.663) 1.94 (0.880) 0.12
SL angle
Mean (SD) 59.3 (10.8) 57.0 (9.22) 61.9 (12.0) 0.79
LA RS angle
Mean (SD) 45.7 (7.92) 46.0 (7.64) 45.3 (8.38) 0.76
LA RL angle
Mean (SD) 14.0 (8.61) 11.0 (5.67) 17.6 (10.1) 0.01
LA RC angle
Mean (SD) 15.9 (6.96) 15.6 (7.91) 16.3 (5.81) 0.70
LA lateral, SL scapholunate, RS radioscaphoid, RL radiolunate, RC radiocapitate
Increasing lateral radiolunate angle was significantly associated with an unstable fracture
Table 3 Agreement between Measurement IcC
evaluators: Interclass
coefficients for measured AP SL Interval 0.47
variables SL angle 0.70
LA RS angle 0.23
LA RL angle 0.74
LA RC angle 0.62

Fig.3 On the right: Lateral radiograph of a right wrist with mini-
mally displaced scaphoid fracture on 3-dimensional imaging and a
lateral radiolunate angle of 16.5 degrees. On the left: Lateral radio-
graph of a right wrist with a displaced scaphoid fracture on 3-dimen-
sional imaging and a lateral radiolunate angle of 28.4 degrees

the scaphoid, and concomitant lunate extension can lead
to abnormal forces and instability in the surrounding car-
pal joints and subsequently a predictable progression of
degenerative changes [8]. Stability of the fracture frag-
ments may be critical for healing and this has prompted the
use of multiple techniques for management [9]. Late diag-
nosis and lack of stabilization may predispose a fracture
to nonunion even in the presence of an uncompromised
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scapholunate, RS radioscaphoid,
RL radiolunate, RC radiocapi-
tate

blood supply [10, 11]. Therefore, identifying markers of
a scaphoid fracture and fracture instability on plain radio-
graphs may allow for expedient diagnosis and treatment
thus preventing nonunion and its challenges.

Several radiographic signs of carpal instability have
been reported. A large SL gap in static injuries, or a chang-
ing gap under dynamic load can be seen on PA radio-
graphs of the wrist [12]. We found an association between
presence of scaphoid fracture and SL gapping on the PA
view. A recent study suggested that fluoroscopic meas-
urements in the middle of the scapholunate joint in neu-
tral and 30° of ulnar deviation best capture all stages of
scapholunate disruption. They found that measurements of
less than 2.0 mm at the middle of the scapholunate inter-
val may be considered within normal range [13]. Since
scapholunate gapping on plain radiographs seems to be
a reliable measurement, it may be a useful and easy to
perform measurement on initial evaluation of a clinically
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suspected scaphoid fracture. A widened gap may prompt
earlier 3-dimensional imaging to investigate for a fracture.

While the presence of acute scaphoid fracture and con-
comitant scapholunate ligament injury is thought to be
rare it can be seen more commonly in scaphoid nonunion
[14]. Cooney et. al associated scaphoid fracture instabil-
ity with scapho-lunate angulation greater than 45 degrees
or with luno-capitate angulation greater than 15 degrees
[15]. Schédel-Hopfner et al. arthroscopically evaluated 34
wrists with acute scaphoid fractures and found 13 traumatic
SLIL tears [16]. This could suggest a more common asso-
ciation between these injuries than previously thought and
the presence of a scapholunate gap on plain radiographs in
the context of a suspected scaphoid fracture should prompt
further 3D imaging. In our cohort, we found that only 8% of
the suspected scaphoid fractures sent for further evaluation
had evidence of a fracture on 3D imaging. It is out of the
scope of this study to evaluate the indications for 3D imag-
ing or the cost-effectiveness of further imaging. However, it
is possible that utilizing the associations found in this study
on plain radiographs, may alter the practice of seeking 3D
imaging when a scaphoid fracture is suspected.

When evaluating presence of the cortical ring sign
between the fractured and normal cohort no significant dif-
ference was seen. As shown in previous studies the presence
of cortical ring sign may indicate scaphoid flexion however
can be seen in a high percentage of normal wrists [8].

The lateral radio-lunate angle had a significant associa-
tion with the presence of a displaced scaphoid fracture. With
lunate extension being described as a mode of displacement
common to scaphoid fractures, the biomechanical shift may
explain the increase in radio-lunate angle in the presence of
displaced scaphoid fracture [8].

Evaluation of variability among observers through the
intraclass correlation coefficient showed the LA RL angle
to be most consistent at 0.74. The LA RS angle had the most
variability at 0.23. This could be explained by the difficulty
of locating the axis of the scaphoid with the overlapping pro-
files of the other carpal bones on lateral radiographs of vary-
ing quality. This difficulty has been previously reported by
Garcia-Elias et al. showing overall error of goniometrically
derived intracarpal angles to be a standard deviation of 5.2
degrees [17]. The components of the radio-lunate angle can
more reliably be recreated possibly leading to the superior
consistency of this measurement in our study.

A limitation of the study is that the radio-lunate angle is
not an intercarpal angle. The difficulty of performing this
measurement on each lateral wrist radiograph with identical
wrist position likely portends high variability among this
measurement and could affect its reliability.

We used three-dimensional imaging to define presence
or absence of a fracture and displacement. There is some
degree of inherent error in these exams [18]. Additionally,

while we standardized the method of obtaining each wrist
angle and measurement, the difficulty in accurately and reli-
ably obtaining these measurements can affect the overall
significance of our evaluations of these measurements. This
was a radiographic study, and we did not evaluate any clini-
cal associations such as physical exam. We did have signifi-
cant differences between the patients that were found to have
a fracture and those that were not however on analysis this
discrepancy did not affect the results.

In summary, scapholunate gapping in the context of a
suspected scaphoid fracture should increase the evaluator’s
suspicion for a fracture and may prompt earlier 3D imag-
ing. The presence of an abnormal radiolunate angle should
increase suspicion of instability and can be used in preopera-
tive planning. Further study can aid in a better understanding
of the significance of these measurements and their clinical
application.
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