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ABSTRACT

Purpose: To investigate the value of the muscle-to-bone ratio (MBR), which is the ratio between the
maximum pronator quadratus thickness (mPQT) and the distal radial thickness (DRT) at the same level,
in comparison with mPQT in the diagnosis of undisplaced fractures in distal forearm (FDF) on radiographs.
Material and methods: This study was conducted with 210 wrists of 210 volunteers (79 male, 131 female)
and 106 wrists of 106 patients with acute undisplaced FDF (53 male, 53 female). The mPQT was measured
on lateral radiographs, and the MBR was calculated for each wrist.

Results: The mean mPQT (7.37 £ 1.99 mm) and MBR (0.55 4+ 0.15) in the fracture group were significantly
larger than those (4.70 £ 1.42 mm and 0.31 4 0.09) in the control group respectively (all P<0.05). Sexual
differences of mPQT were found in both control and fracture groups (all P<0.05). There were no gen-
der differences of MBR in either control or fracture group (all P>0.05). ROC analysis revealed that the
discriminating efficacy of MBR was significantly superior to that of mPQT (P<0.01). The most optimal
diagnostic discrimination was obtained by a MBR cut-off value of 0.4.

Conclusions: The MBR can be used as a new index for the diagnosis of undisplaced FDF, as well as a
complementary means to detect occult fractures. If the MBR is larger than 0.4 in a patient with suspected

or occult FDF, a further MRI examination will be justifiably needed.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The pronator quadratus (PQ) is a small square-shaped muscle
attached to the anterior aspects of the distal radius and ulna [1-4].
Overlying the PQ, there is a thin radiolucency stripe, which is called
the PQ fat pad, separating the PQ from the flexor digitorum profun-
dus muscles [2,5]. On lateral radiographs of the wrist, the PQ pad
in normal subjects generally represents a straight stripe or slight
anterior convexity paralleling the distal radius [2,4,6]. According to

Abbreviations: MBR, muscle-to-bone ratio; mPQT, maximum pronator quadra-
tus thickness; DRT, distal radial thickness; FDF, fractures in distal forearm.
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its lateral radiological appearances, the PQ pad was also classified
into 4 types ranging from straight to absent [6].

Fractures of the distal forearm (FDF) are the most common wrist
trauma in clinical emergency [7]. FDF can make the PQ swollen, and
the PQ pad displaced anteriorly or even obliterated, which is called
the radiological “PQ sign”, due to the accumulation of fluid within
the PQ muscle [4,5,8,9]. The PQ sign sometimes might be the only
evidence of occult FDF. Nevertheless, the validity of the PQ sign
in FDF detection has been controversial. MacEwan first reported
the PQ sign as an important soft-tissue sign of fractures of distal
forearm at the level of the PQ attachment with high sensitivity and
specificity [4]. However, other previous findings revealed that a
positive PQ sign is not a reliable predictor of occult fracture of the
wrist [9,10].

Researchers also tried to find a proper value of the maximum
pronator quadratus thickness (mPQT) to identify the PQ swelling
for FDF detection. However, the PQ value in normal subjects varies
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Table 1
Characteristics of subjects.
Control group Fracture group t P
n Age Range n Age Range
Male 79 41.5+14.6 18-86 53 447+18.2 21-86 0.719 0474
Female 131 4334135 17-78 53 454+19.9 20-81 1.084 0.281
Total 210 42.6+13.9 17-86 106 45.1+19.0 20-86 0.602 0.548

Note: Data are presented as mean % SD.

2 Significant differences of mean age were compared between control and fracture groups for males, females and the entire sample by 2-tailed Student’s t-test.

widely. Sasaki and Sugioka reported that the PQ distance was
less than 7mm in 92% of 72 healthy subjects and larger than
7mm in 93% of 29 patients with recent distal radius fractures.
Fallahi et al. held that a PQ value greater than 8 mm in females
and 9mm in males should be regarded as raised [9]. Neverthe-
less, Zammit-Maempel et al. argued that PQ values greater than
7 mm in females and 10 mm in males should be considered with
suspicion [11]. Besides Sato et al. found significant differences
of the mPQT between dominant (4.7 + 1.2 mm) and nondominant
(4.4+1.1 mm) hands in healthy volunteers through sagittal sono-
graphic images [1]. Much of the variability may be attributed to
differences in the populations studied and measurement tech-
niques.

Given the fact that mPQT could be affected by a variety of factors
such as gender and age [11], simple measurements of mPQT may
not represent an optimal radiologic parameter in the diagnosis of
FDF. For example, the PQ muscle can be swollen-like in strong and
healthy men, so it is not that easy to identify whether or not the
swelling is caused by trauma based only on its radiologic appear-
ance. And a single measurement of mPQT may also lead to a false
positive diagnosis. As such, we hypothesize that the muscle-to-
bone ratio (MBR), which is defined as the ratio between the mPQT
and the distal radial thickness (DRT) at the same level, may make
an alternative method of diagnosis accessible. With PQ thickening
at the wrist, as in FDF, a larger MBR is expected. This ratio might be
less affected by the effects of variable factors (such as gender and
body size). Moreover, the ratio might also be less affected by dif-
ferences in measurement method. The purpose of this study was to
assess the efficacy of MBR in comparison with mPQT in the detec-
tion of undisplaced FDF (especially occult fractures) by radiographs.
We also aimed to find an optimal cut-off value of the MBR for the
diagnosis.

2. Materials and methods
2.1. Subjects

From 2011 through 2013, 210 wrists of 210 volunteers (79 male,
131 female, mean age, 42.6 +13.9 years old; range, 17-86 years)
and 106 wrists of 106 patients (53 male, 53 female, mean age,
45.14+19.0 years old; range, 20-86 years) were retrospectively
examined in this study (Table 1). All of the volunteers, as in the
control group, were completely asymptomatic with no history of
osteoarthritis, inflammatory arthritis or osteomyelitis of the wrist.
And all of the patients, as in the fracture group, had acute (within
24 h) undisplaced FDF. The study protocol was approved by the
Ethics Committee of Shandong Medical Imaging Research Insti-
tute. Informed written consent was obtained from each patient and
healthy volunteer.

2.2. Imaging acquisition and measurements

Standard plain films in postero-antero (PA) and lateral pro-
jection were collected from all participants by Kodak DR7500

Digital Radiology System (Eastman Kodak Company, USA). The
radiographic parameters: PA: 58 kV, 160 mA, 0.08 s; Lateral: 60 kV,
160 mA, 0.1 s. Among three patients with suspected or occult undis-
placed FDF, one patient had a 45° oblique radiograph and two
patients underwent MR scanning via GE (General Electric, Milwau-
kee, USA) 3.0-T MRI Scanner. A standard protocol with coronal
T1, coronal T2-fatsuppression (FS), sagittal T1 and sagittal T2-FS
sequences was performed with the following parameters: T1: TR
400, TE 7.3, 3.5 mm slice thickness, 15 cm field of view; T2-FS: TR
3500, TE 35.7, 3.5 mm slice thickness, 15 cm field of view. The three
patients all had a clinical sign of pronator disorder.

At the same level of PQ attachment, the mPQT and the DRT
were measured on the lateral radiographs respectively (Fig. 1).
The MBR was then calculated as the ratio between mPQT and
DRT. One musculoskeletal radiologist, who was blinded to the per-
sonal information of participants, examined all the radiographs.
The parameters were measured twice, and the average value was
subjected for statistical analysis.

Fig. 1. Measurements of PQ parameters. On the lateral radiograph, the mPQT
(5.25mm) and the DRT (15.33 mm) were measured at the same level. The MBR
(0.342) was then calculated.
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