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Purpose: Fluoroscopic imaging remains the standard intraoperative imaging modality for volar locking
plate fixation of distal radius fractures, and correlation with postoperative radiographs remains unclear.
The purpose of this study was to assess the reliability of the Soong classification system between
intraoperative fluoroscopy and postoperative radiographs for distal radius volar plate position.
Methods: Eleven hand surgery resident physicians (3 in postgraduate year 2, 2 in postgraduate year 3, 3
in postgraduate year 4, and 3 in postgraduate year 5) and 4 attending physicians classified images using
the Soong classification system. Fluoroscopic and radiographic lateral images from 30 patients were
randomized and deidentified. Thirty percent of the images were duplicated for intraobserver reliability.
Seventy-eight images were randomized and presented to each observer in 1 consecutive session. Cohen
kappa values were calculated for intraobserver reliability, and Fleiss kappa values were calculated for
interobserver reliability.
Results: Intraobserver reliability demonstrated moderate reliability overall. The intraobserver reliability
was highest among postgraduate year 4 residents and attending physicians demonstrating substantial
reliability. Lateral intraoperative fluoroscopic and postoperative radiographic imaging demonstrated no
difference in intraobserver reliability overall. Interobserver reliability was highest among postgraduate
year 5 residents demonstrating moderate reliability and attending physicians demonstrating substantial
reliability.
Conclusions: There was no difference in the intraobserver reliability of the Soong classification system
between the lateral images of intraoperative fluoroscopy and postoperative radiographs. Fluoroscopic
analysis using the Soong classification system is a reliable method to determine plate prominence and
has demonstrated increasing reliability based on year of training. Fluoroscopic analysis using the Soong
classification system and direct visualization during surgery for the assessment of plate prominence is
recommended, with the understanding that higher Soong grades are associated with increased rates of
complications.
Type of study/level of evidence: Diagnostic III.
Copyright © 2021, THE AUTHORS. Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Volar locking plate fixation has revolutionized the treat-
ment of distal radius fractures. Despite its many advantages,
there exist unique complications associated with volar plate
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prominence and positioning, including flexor tendon ruptures
and implant irritation.1e3 Soong et al4 developed a classifica-
tion system for volar plate positioning in relation to the
watershed line of the distal radius, as viewed on lateral ra-
diographs. The concept of the watershed line was originally
described as an anatomic area on the volar distal radius where
the capsule inserts.5,6 There is controversy as to the definition
of the watershed line, as studies have shown wide variability
in the volar distal radius anatomy in relation to plate posi-
tioning and flexor tendon irritation.7e11
American Society for Surgery of the Hand. This is an open access article under the

Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:j.fan@ruhealth.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhsg.2021.09.002&domain=pdf
www.sciencedirect.com/science/journal/25895141
http://www.JHSGO.org
https://doi.org/10.1016/j.jhsg.2021.09.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jhsg.2021.09.002
https://doi.org/10.1016/j.jhsg.2021.09.002


J. Fan et al. / Journal of Hand Surgery Global Online 4 (2022) 19e2420
Fluoroscopic imaging remains the standard intraoperative im-
aging modality for distal radius fracture fixation, but no studies
have examined its use in the assessment of plate prominence.
Studies have shown significant differences between fluoroscopic
imaging compared with radiographic imaging and have suggested
that fluoroscopy alone may be insufficient.12e14 Although these
studies did not focus on distal radius fracture fixation, plate posi-
tioning, or plate prominence, their findings were notable in the
context of comparing the differences between imaging modalities.
The differences attributed to the imagingmodalities may arise from
inherent differences in technology and the technical skill of the
operator. Although research has shown that the Soong classifica-
tion system demonstrated good reliability in assessing the degree
of plate prominence on plain radiographs, there are no studies to
date examining the reliability of the Soong classification system
when comparing intraoperative fluoroscopy with postoperative
plain radiographs.15,16

The purpose of this study was to assess the reliability of the
Soong classification system for intraoperative fluoroscopy and
postoperative radiographs for distal radius volar locking plate po-
sition. We hypothesized that using the Soong classification system
for intraoperative fluoroscopy was as reliable as plain radiographs
for the volar plate. Additionally, we assessed the reliability of the
Soong classification system among different levels of training.

Materials and Methods

After obtaining an institutional review board approval, images
were gathered from an electronic medical record search of distal
radius fracture surgery from January 2016 to September 2019. We
identified 179 patients over the age of 18 using Current Procedural
Terminology codes 25607, 25608, and 25609. Exclusion criteria
included insufficient lateral imaging or additional fixation beyond
volar plate fixation; eg, percutaneous pinning, dorsal plates, radial
styloid plates, and fixation of the ulna or distal radioulnar joint. A
total of 117 patients met the inclusion criteria, 30 of whom were
then chosen at random to be included in the study. This was ob-
tained as a sample of convenience, and no a priori power analysis
was performed at the time of patient selection.

The Soong classification system uses lateral imaging to assess
plate positioning; therefore, lateral views of both intraoperative
fluoroscopic and early postoperative radiographic imaging for
these patients were deidentified and randomized. Thirty patients
yielded 30 lateral postoperative radiographs and 30 lateral intra-
operative fluoroscopic images, totaling 60 images. Intraoperative
fluoroscopic imaging was performed by radiology technicians with
direction from the operative surgeon. The best available fluoro-
scopic and radiographic lateral images was selected, confirmed to
be appropriate by projection of the palmar margin of the pisiform
between the palmar margins of the distal scaphoid and the capi-
tate.17 Early postoperative radiographic imaging was defined as
having been completed within 2 weeks from the index surgery. Of
the 30 patients, 9 (30%) patients were chosen at random to be
duplicated in pairs (lateral intraoperative fluoroscopic and post-
operative radiographic images) and included for intraobserver
reliability for an additional 18 images. A total of 78 images were
randomized and presented to each observer in 1 consecutive ses-
sion. Chart review was performed, and all implants (Synthes 2.4
mm variable angle LCP, DePuy Synthes) were noted to be 2-column
volar distal radius plates and volar rim distal radius plates. The
distribution of Soong grades was determined after the selection of
patients, with 12 images in grade 0, 15 images in grade 1, and 3
images in grade 2.

Eleven hand surgery resident physicians in postgraduate years 2
through 5 (3 in postgraduate year (PGY)2, 2 in PGY3, 3 in PGY4, and
3 in PGY5) and 4 attending physicians were asked to classify the
fluoroscopic and radiographic images using the Soong classification
system. All the images was presented without editing the quality of
the original image, except for deidentification. Fluoroscopic images
was presented in the same format as the original imaging modality,
without inversion of contrast, to better approximate how fluoro-
scopic imaging would be visualized in the operating room. The
observers were allowed tomanipulate the images and draw lines as
they saw fit. Any manipulation of the images was not recorded or
included in the final analysis. The attending physicians included a
hand fellowship-trained hand surgeon, a sports fellowship-trained
hand surgeon, a trauma fellowship-trained hand surgeon, and a
musculoskeletal fellowship-trained radiologist. Observers were
blinded to the previously assigned classification and to clinical in-
formation regarding the patient. Each observer was shown the
images in Figure 1 before grading any images.

Data analysis was performed by an independent statistician.
Cohen kappa values were calculated for intraobserver reliability,
and Fleiss kappa values were calculated for interobserver reliability.
The reliability of using the Soong classification system to compare
intraoperative fluoroscopy and postoperative radiographs was
calculated as intraobserver reliability. Kappa value (k) interpreta-
tion was based on Landis and Koch (Fig. 2).18

Post hoc power analysis was performed to detect a difference of
k in the range of 0.40 to 0.50 from 0.19

Results

The intraobserver reliability of lateral imaging showed moder-
ate reliability for all observers for each imaging group: fluoroscopic
images (k ¼ 0.55), radiographic images (k ¼ 0.55), and fluoroscopic
and radiographic images combined (k ¼ 0.56). For all images,
substantial intraobserver reliability was found among PGY4 (k ¼
0.66) residents and attending physicians (k ¼ 0.68). There was no
statistically significant difference between fluoroscopic versus
radiographic intraobserver reliability overall (P ¼.99) (Table 1).

Additionally, each individual observer kappa for intraobserver
reliability was documented. Among the 4 attending physicians,
only 2 demonstrated substantial reliability (k > 0.61), and among
those 2, only 1 demonstrated perfect reliability (k ¼ 0.89) overall
(Table 2).

Comparatively, interobserver reliability of lateral imaging for
fluoroscopy showed moderate reliability (k ¼ 0.51), radiographs
showed fair reliability (k ¼ 0.40), and overall demonstrated mod-
erate reliability (k ¼ 0.45). There was a statistically significant dif-
ference found between fluoroscopy and radiographs for the PGY4
group (P < .001) and overall (P < .001) (Table 3). Interobserver
reliability was highest among PGY5 residents (k ¼ 0.49) and
attending physicians (k ¼ 0.63).

Subgroup analysis of agreement for each Soong grade was per-
formed for all observers. Kappa was 0.53 for grade 0, 0.41 for grade
1, 0.41 for grade 2, and 0.45 overall; each grade demonstrating
moderate reliability (Table 4).

Discussion

The Soong classification system demonstrated moderate intra-
observer reliability overall for both intraoperative fluoroscopy (k ¼
0.55) and postoperative radiographs (k ¼ 0.55) without a statisti-
cally significant difference (P ¼ .99). Substantial intraobserver
reliability was found among PGY4 (k ¼ 0.66) residents and
attending physicians (k ¼ 0.68), with 1 attending physician who
demonstrated perfect intraobserver reliability overall (k ¼ 0.89).
For each observer group, no statistically significant difference was
found in the intraobserver reliability between fluoroscopic images



Figure 1. A Grade 0: Plate is dorsal to critical line (red). B Grade 1: Plate is volar to critical line (red) but proximal to the volar rim. C Grade 2: Plate is volar to critical line (red) and on
or distal to the volar rim.

Figure 2. Kappa value reliability interpretation.18
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and radiographic images (Table 1). Post hoc power analysis
revealed that the study was adequately powered to detect a dif-
ference of kappa values in the range of 0.40 to 0.50 from 0.19 This
suggested our study was adequately powered for the overall
average intraobserver and interobserver findings. However, there is
a possibility that the study is underpowered for the subanalysis
reported. This supports that there is no statistically significant
difference between fluoroscopy and radiographs in the analysis of
plate positioning. Essentially, in the setting of an individual hand
surgeon analyzing distal radius volar plate position, fluoroscopic
imaging is as reliable as postoperative radiographs.

Comparatively, interobserver reliability for fluoroscopy showed
moderate reliability (k ¼ 0.51) and radiographs showed fair reli-
ability (k ¼ 0.40). There was a statistically significant difference
between fluoroscopy and radiographs for the PGY4 group (P < .001)
and overall (P < .001), with almost no interobserver agreement (k¼
0.05) (Table 3). Although there was more disagreement in the
interobserver reliability between fluoroscopy and radiographs for
the PGY4 group, all other experience levels showed similar inter-
observer reliability between the 2modalities. The overall difference
in the interobserver reliability between fluoroscopy and radio-
graphs may be explained by the PGY4 group.

Previous studies showed good reliability of the Soong classifi-
cation system for distal radius volar locking plate fixation in
radiographic imaging without examining fluoroscopic imaging.15,16

Plate positioning and plate prominence are more often assessed
during surgery with fluoroscopy as the standard intraoperative
imaging modality. By demonstrating moderate intraobserver reli-
ability of fluoroscopy for the Soong classification system and
agreement with postoperative radiographs, this study demon-
strates that fluoroscopy is a reliable imaging modality for the
assessment of plate prominence. Despite the difference demon-
strated in interobserver reliability, there was no difference in the
intraobserver reliability of the Soong classification system between
the lateral images of intraoperative fluoroscopy and postoperative
radiographs.

The use of postoperative radiographs to assess plate promi-
nence, although demonstrated to be reliable, may not be as bene-
ficial as intraoperative fluoroscopy because of the time at which the
images are obtained.15,16 Our study suggests that early post-
operative radiographs contribute no significant information with
respect to plate prominence in comparison to intraoperative fluo-
roscopy but may be beneficial when examining the loss of fixation.
For fracture reduction and fixation, the value of early postoperative
radiographs in the treatment of distal radius fracture fixation has
been questioned, and some studies have demonstrated that these
images do not change postoperative management.20e22 Sharma
et al21 found that among 172 patients with early postoperative
radiographs following distal radius fracture fixation, only 7 patients



Table 2
Intraobserver Reliability for Individuals

Observer Fluoroscopy X-ray Overallz

Kappa Standard Error* Kappa Standard Error* Kappa Standard Error*

DU_PGY2 0.633 0.19 0.791 0.14 0.719 0.116
KB_PGY2 0.133 0.18 0.195 0.17 0.159 0.125
ML_PGY2 0.28 0.17 0.418 0.19 0.349 0.125
MW_PGY3 0.695 0.15 0.23 0.2 0.446 0.131
HT_PGY3 0.28 0.19 0.277 0.19 0.273 0.136
LT_PGY4 0.787 0.14 0.448 0.19 0.626 0.123
TP_PGY4 1 0 0.635 0.16 0.788 0.1
RM_PGY4 0.545 0.16 0.597 0.155 0.573 0.112
JR_PGY5 0.378 0.19 0.572 0.15 0.488 0.122
TH_PGY5 0.575 0.19 0.556 0.17 0.57 0.125
TB_PGY5 0.785 0.15 0.706 0.16 0.748 0.107
BT_Att 1 0 0.843 0.15 0.886 0.11
RC_Att 0.286 0.33 1 0 0.805 0.127
WF_Att 0.545 0.36 0.614 0.19 0.607 0.168
MR_Att 0.375 0.27 0.375 0.19 0.417 0.162

Att, attending physician.
* Standard error.
z Fluoroscopy and x-ray imaging combined.

Table 3
Interobserver Reliability for Each Observer Group

Fluoroscopy X-ray Overall z Fluoroscopy Versus X-ray

Kappa* 95% CIy Kappa* 95% CIy Kappa* 95% CIy P Value

PGY2 0.113 (0.054) 0.007e0.219 0.105 (0.054) -0.001e0.211 0.113 (0.038) 0.039e0.187 .91
PGY3 0.155 (0.095) -0.031e0.341 0.167 (0.093) -0.015e0.349 0.168 (0.066) 0.039e0.297 .93
PGY4 0.425 (0.059) 0.309e0.541 0.048 (0.055) 0.040e0.256 0.287 (0.040) 0.208e0.365 <.001
PGY5 0.529 (0.060) 0.411e0.647 0.434 (0.056) 0.324e0.544 0.492 (0.040) 0.414e0.570 .25
Attending 0.619 (0.060) 0.501e0.737 0.636 (0.056) 0.526e0.746 0.629 (0.041) 0.549e0.709 .84
Overallx 0.508 (0.014) 0.481e0.535 0.396 (0.013) 0.371e0.421 0.453 (0.009) 0.435e0.471 <.001

* Reported as kappa (standard error).
y Reported as lower and upper bounds of 95% CI.
z Fluoroscopy and x-ray imaging combined.
x All observers.

Table 1
Intraobserver Reliability for Each Observer Group

Observer Group Fluoroscopy X-ray Overallz Fluoroscopy Versus X-ray

Kappa* 95% CIy Kappa* 95% CIy Kappa* 95% CIy P Value

PGY2 0.349 (0.180) -0.004e0.701 0.468 (0.167) 0.141e0.795 0.409 (0.122) 0.170e0.648 .63
PGY3 0.488 (0.170) 0.154e0.821 0.254 (0.195) -0.129e0.636 0.360 (0.134) 0.098e0.621 .37
PGY4 0.777 (0.100) 0.581e0.973 0.560 (0.168) 0.230e0.890 0.662 (0.112) 0.443e0.881 .27
PGY5 0.579 (0.177) 0.233e0.926 0.611 (0.160) 0.298e0.925 0.602 (0.118) 0.371e0.833 .89
Attending 0.552 (0.240) 0.081e1.022 0.708 (0.133) 0.448e0.968 0.679 (0.142) 0.401e0.957 .57
Overallx 0.553 (0.178) 0.204e0.902 0.550 (0.160) 0.236e0.865 0.564 (0.126) 0.317e0.810 .99

* Reported as kappa (standard error).
y Reported as lower and upper bounds of 95% CI.
z Fluoroscopy and x-ray imaging combined.
x All observers.

J. Fan et al. / Journal of Hand Surgery Global Online 4 (2022) 19e2422
had alterations in their postoperative management with only 1
patient requiring immediate surgical revision as indicated by
imaging.

The original description of the Soong classification system and
subsequent studies have only examined postoperative
radiographs.2,4,16,23,24 Determination of plate prominence may be
best assessed during surgery with either direct visualization,
intraoperative imaging, or a combination of both.10,11 An anatomic
study in 2012 by Imatani et al10 suggested that the watershed line
for volar plate positioning may not be a distinct line that is easily
visualized because of anatomic variability. This suggests that direct
visualization alone may be insufficient for the assessment of plate
prominence and that the addition of intraoperative fluoroscopy or
postoperative radiographs may be beneficial. Our study supports
the use of intraoperative fluoroscopy, as we have demonstrated no
difference in intraobserver reliability between intraoperative fluo-
roscopy and postoperative radiographs. Intraoperative fluoroscopy
allows the surgeon to control the imaging and change the implant
position if it is a concern.

Other studies have examined the differences between various
imaging modalities and during fracture fixation. Halvachizadeh
et al14 examined intraoperative computed tomography scans for
the treatment of distal radius fractures and demonstrated an
improvement in reduction and superior screw positioning after
surgery with comparable durations of surgery with the use of
intraoperative computed tomography compared with fluoroscopy



Table 4
Kappa Values for Individual Soong Classification Categories

Grade Conditional
Probability

Kappa Asymptotic
Standard Error

Z P value Lower 95% Asymptotic
CI Bound

Upper 95% Asymptotic
CI Bound

0 0.681 0.527 0.012 42.139 .00 0.502 0.551
1 0.714 0.411 0.012 32.914 .00 0.387 0.436
2 0.506 0.412 0.012 32.959 .00 0.387 0.436

Overall 0.453 0.012 48.547 .00 0.435 0.472
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and radiographs. Capo et al12 demonstrated errors in fluoroscopy
for the closed reduction and percutaneous pinning of Bennet’s
fractures in a cadaveric model compared with plain radiographs
and direct examination. Various studies demonstrate differences
between fluoroscopy, radiographs, and direct visualization, which
may be reflected by the inherent differences in implants, anatomic
location, and type of surgery.13,25e27 Although these studies do not
directly assess fluoroscopic imaging in distal radius fractures, there
is a known and implied difference between fluoroscopy, radio-
graphs, and direct visualization.

Plate prominence and higher Soong classification grades have
been associated with increased rates of flexor tendinopathy and
subsequent implant removal, although this is not universally
accepted. 2,23,24,28e30 In response to Snoddy et al,30 Soong et al31 in
2015 reexamined the data comparing grade 2 with combined grade
0 and 1 and demonstrated a statistically significant difference in
flexor tendon complications.

The relationship between physician experience and reliability of
the Soong classification has been explored in prior research.
Creighton et al15 demonstrated that the intraobserver reliabilities
of 6 physician observers of postoperative radiographs for distal
radius volar plate prominence did not correlate with experience, as
the lowest value was recorded by the most experienced surgeon.
Lutsky et al16 used fellowship-trained upper-extremity surgeons
and found an interobserver intraclass correlation of 0.78. In
contrast to the study by Creighton et al,15 this study suggests that
kappa values for interobserver reliability gradually increase for
each year of training. The fluoroscopic interobserver reliability
increased from 0.16 for PGY3 to 0.43 for PGY4, while the radio-
graphic reliability did not demonstrate a significant increase until
PGY4 (k ¼ 0.50) (Table 3). Barring any instructional issues or data
transposition issues, it seems that the learning process for assess-
ment happens faster for fluoroscopy than it does for radiographs,
by approximately 1 training year.

There are several limitations to this study. All images were
shown in 1 session, as compared to multiple sessions, which may
result in considerable recall bias. Each observer was given the
capability of using annotations on the images; however, the use of
annotations was not evaluated in this study. All imaging were
performed by various technicians and various surgeons, intro-
ducing additional variability and inconsistency, although this likely
is more representative of clinical practice. Owing to the ability to
manipulate the extremity by the operative surgeon, it is likely that
intraoperative fluoroscopic imaging is more advantageous than
postoperative radiographic imaging when evaluating plate posi-
tioning. The individual differences among the attending physician
group compared to their years in practice were also not fully
elucidated. The distribution of Soong grades may also be a limita-
tion to this study, because of the small number of Soong grade 2
images. Another limitation is that only Synthes plates were used in
this study. Sato et al32 examined 6 different plate designs and found
that plate prominence on lateral radiographs varied by which type
of plate was used. This is a major limitation of the Soong classifi-
cation system, and conclusions from this study can only be applied
to Synthes plates. Despite these limitations, the Soong classification
system not only demonstrated moderate intraobserver reliability
between fluoroscopy and radiographs, but also demonstrated
increasing reliability based on years of training.

After preliminary fracture reduction and before definitive volar
locking plate fracture fixation, plate prominence and positioning
are best assessed by direct visualization and fluoroscopic imaging.
Any adjustments can be made based on Soong classification.
Fluoroscopic analysis of the Soong classification is a reliable
method to determine plate prominence and position with the un-
derstanding that higher Soong grades are associatedwith increased
rates of complications.
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