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Abstract: On-field screening for ‘elbow injury in baseball’, a condition commonly seen in youth
baseball players, was conducted over two years on 160 elementary school students in Ibaraki Pre-
fecture, Japan. This on-field screening was conducted in collaboration with the Ibaraki Prefecture
High School Baseball Federation. Pitchers, catchers, symptomatic players, and players who had
previously experienced elbow pain were given a comprehensive evaluation that included a physical
exam and ultrasound. Out of the 135 students who were successfully screened, 10 were diagnosed
with osteochondritis dissecans of the humeral capitellum (OCD). Notably, seven among these were
asymptomatic. This assessment identified limited range of motion and pain when extending their
elbow as significant risk factors for OCD. An attempt at on-field screening for baseball elbow injuries
in collaboration with the local baseball federation was introduced. The risk factors for OCD were
identified. Considering these factors, more efficient screening will be possible in the next attempt.

Keywords: on-field screening; elbow injury in baseball; osteochondritis dissecans of the humeral capitellum

1. Introduction

Elbow injuries related to baseball are broadly classified into medial, lateral, and
posterior types. Osteochondritis dissecans of the humeral capitellum (OCD), a disease rep-
resentative of the lateral type of elbow injury in baseball, is more common in schoolchildren
aged 9–12 years [1–3]. If the condition becomes severe, it causes functional impairment to
the extent that the player cannot continue to play baseball [4]. Therefore, it is of paramount
importance to focus on the early identification and appropriate intervention for OCD in this
demographic. Notably, OCD is an affliction that often begins with minimal or no symptoms,
a factor that can lead to delayed medical attention and, consequently, a deterioration of the
condition by the time treatment is sought. Therefore, proactive early screening initiatives
are vital. They hold the potential for enabling conservative treatments that focus on the
repair of the lesion, thereby preventing the escalation to more serious stages that could
imperil a young player’s ability to continue in the sport.

OCD involves the separation of a section of articular cartilage and the underlying sub-
chondral bone, leading to varying degrees of sclerosis, fragmentation, and resorption [5,6].
OCD affecting the trochlea is less common, accounting for 2.5–7% of all elbow OCD le-
sions [6–8]. While the exact underlying mechanism remains unclear, one hypothesis points
to the tenuous blood supply to the posteroinferior aspect of the lateral trochlea [9,10]. Over-
head athletes experience repeated impingement when extending their elbows, which can
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exacerbate blood flow disorders [11]. In recent years, on-field screening for baseball elbow
injuries for elementary and junior high school students has been conducted throughout
Japan [1–3,12–14]. Past reports have shown a variety of target age groups, ranging from
elementary school students [1,2,12,14] to extending the target to junior high school students
and beyond [3,13]. Ultrasonographic examinations are valued in these screenings and
have even been conducted at ground level in some cases [2,12]. The size of each screening
session varies widely from approximately 100 to 1000 individuals, depending on the region
and the environment.

In this context, it has been noted that until now, no screenings for elbow injury in
baseball have been conducted in our region (Ibaraki Prefecture). This was due to a lack
of know-how and human resources. On the other hand, upon request from the Prefec-
tural High School Baseball Federation, post-game medical checks began to be conducted.
Through these checks, it was discovered that a significant number of elementary and ju-
nior high school students have experienced throwing-related issues. In Ibaraki Prefecture,
elbow-injury-in-baseball on-field screening for elementary school students has been con-
ducted at the same time as youth baseball lessons organized by the Ibaraki High School
Baseball Federation since 2016. Considering the number of players and the fact that screen-
ings have not been conducted so far, it is conceivable that initiating screenings in these
unscreened regions could potentially detect previously unrecognized cases. Furthermore,
conducting elbow injury screenings could raise community awareness about this issue.

This study aimed to evaluate the effectiveness of our prefecture’s approach to diag-
nosing and managing elbow injury in baseball among school-aged athletes and to consider
more efficient screening methods with regard to detecting factors related to the develop-
ment of OCD.

2. Materials and Methods
2.1. Participants

The study involved 160 subjects, including pitchers, catchers, players showing symp-
toms of elbow pain, and players with a previous history of elbow pain from a total of
470 baseball players of elementary school students (50 teams in total) who participated in
youth baseball lessons organized by the prefectural high school baseball federation over a
two-year period from 2017 to 2018 (Figure 1). None of the players had a medical check-up
two years in a row.
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2.2. Field Screening

First, the subjects were given a medical questionnaire in which they were asked to
provide their name, team, position, and history of elbow pain. Physiotherapists and trainers
then assessed the elbow for pain, limited motion, tenderness of the medial epicondyle,
tenderness of the humeroulnar or humeroradial joint, tenderness of the olecranon, and
instability with valgus stress tests at 30 degrees, 60 degrees, and 90 degrees of elbow
flexion for both the throwing and non-throwing sides. The elbow joint was then examined
by a physician using ultrasound to confirm the presence of OCD; the Okada’s pattern
classification was used to assess OCD [15] (Figure 2). The ultrasound examination focused
solely on the lateral side of the elbow, checking both the short axis and the long axis.
The equipment used for the ultrasound examination was a portable ultrasonography and
an 11-MHz linear array transducer (SONIMAGE MX1, KONICA MINOLTA JAPAN Inc.,
Tokyo, Japan). The ultrasound examinations were performed by orthopedic surgeons with
3–10 years of experience. For the final analysis, the ultrasound images were interpreted by
multiple physicians, including a specialist with over 20 years of experience in orthopedics.
In this study, following the pattern classification, those with marginal irregularities were
extracted, and the pattern S, which is typically not counted as OCD in a single examination,
was also included as OCD for the purposes of this screening.
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Figure 2. Characteristic ultrasound images of OCD extracted during the current screening are shown.
This study followed Okada’s pattern classification.

Players exhibiting severe pain, limited motion, or abnormal ultrasound findings
were flagged for further investigation. The medical information form was prepared for
a nearby medical facility, and they were instructed to undergo a secondary screening. In
this study, if there were physical findings such as elbow pain, immediate aftercare instruc-
tions were provided on the spot. If the ultrasound examination indicated the presence
of OCD, or if there was a suspicion of this condition, patients were advised to undergo
a follow-up examination.

Additionally, an orthopedic surgeon lectured the participants and their parents about
baseball-related elbow injuries (Figure 3). In the lecture, we primarily discussed medial
and lateral elbow injuries in baseball. Furthermore, it was emphasized that screening tests
are of utmost importance in the case of lateral elbow injuries which can lead to long-term
absence from play. Early detection and prompt therapeutic intervention were highlighted
as crucial factors.
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2.3. Statistical Analysis

We analyzed the association between the physical findings and the occurrence of OCD,
using the chi-square test. Individuals in the study were stratified into two distinct groups
for analytical clarity. The subjects who did not exhibit OCD were labeled as Group N,
while those diagnosed with OCD were categorized as Group O. Following the chi-square
analysis, we proceeded with logistic regression analysis on the variables that exhibited a
statistically significant difference.

3. Results

There were 160 subjects eligible for screening, of whom 135 completed the screening.
The subjects were distributed across grades as follows: 43 were 12 years old, 47 were
11 years old, 21 were 10 years old, 17 were 9 years old, and 7 were 8 years old; the
grade was unknown for four subjects. In terms of positions, 67 were pitchers, 28 were
catchers, 23 were infielders, 15 were outfielders, and two were unknown positions. Of
the total subjects who completed the screening, 31 warranted further evaluation. This
determination was based on a combination of physical examination results and ultrasound
findings, emphasizing the importance of a multi-faceted approach to screening. Within
this subgroup necessitating additional investigation, 10 subjects, which constituted 7.4% of
those who were screened, were diagnosed with OCD. The distribution by position was five
pitchers, two catchers, two outfielders, and one position unknown. Within this subset of
players, seven were identified as being asymptomatic. There was one symptomatic case in
Pattern S (Case 4) and two symptomatic cases in Pattern 2 (Case 9, 10).

Those with complaints of elbow pain and joint tenderness were considered symp-
tomatic. Physical examination revealed pain in 19 players, including 2 who were part of
Group O. There was limited extension observed in eight players, half of whom belonged to
Group O. Pain during extension was present in five players, with two being from Group
O. Limited flexion was found in eight players, with two in Group O; pain on flexion was
noted in four players, with none in Group O. Tenderness at the medial epicondyle was
evident in 27 players, with 3 in Group O, while tenderness at the humeroradial joint was
reported in 10 players, including 1 in Group O. Furthermore, tenderness at the olecranon
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was found in five players, with one from Group O. The valgus stress test was positive at
30 degrees of elbow flexion in 13 players, with 1 in Group O; at 60 degrees, it was positive
in 16 players, with none in Group O; and at 90 degrees, it was positive in 13 patients, with
none in Group O (Table 1). Of those diagnosed with OCD, five exhibited pattern S, one had
pattern 1, and four presented with pattern 2 (Figure 4).

Table 1. Results of physical examinations.

Group N Group O p Value

Total number of players 125 10
Throwing pain 17 2 0.58

Limited ROM in extension 4 4 <0.001
Extension pain 3 2 0.005

Limited ROM in flexion 4 0 0.57
Flexion pain 6 2 0.0501

Tenderness of medial epicondyle 24 3 0.41
Tenderness of brachial joint 9 1 0.74

Tenderness of olecranon 4 1 0.27
30◦ valgus stress test 12 1 0.97
60◦ valgus stress test 16 0 0.23
90◦ valgus stress test 13 0 0.28
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In our investigation, we employed the chi-squared test to assess the correlation be-
tween various physical signs and the incidence of osteochondritis dissecans (OCD). This
statistical test indicated a notable correlation between the manifestation of OCD and spe-
cific physical symptoms: notably, individuals with OCD experienced significant pain
upon elbow extension (p = 0.005), and there was a marked restriction in their range of
motion during elbow extension (p < 0.001), highlighting these as potential indicators of
the condition. Subsequently, we conducted a logistic regression analysis with the goal of
establishing the presence of OCD as the dependent variable. In this model, we incorporated
the physical findings that exhibited statistically significant differences in the chi-squared
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test as the independent variables. Limited range of motion in elbow extension (OR, 19.42;
CI, 3.61–104.60; p < 0.001) and pain in elbow extension (OR, 9.38; CI, 1.03–85.67; p = 0.047)
were identified as significant risk factors for OCD (Table 2).

Table 2. Risk factors for developing OCD by logistic regression analysis.

OR (95% CI) p Value

Extension pain 19.42 (3.61–104.60) <0.001
Limited ROM in extension 9.38 (1.03–85.67) 0.047

4. Discussion

There are approximately 200 youth baseball teams in Ibaraki Prefecture. Each year,
approximately 25 teams from Ibaraki Prefecture participate in the screening, which is a
small fraction of the nearly 200 youth baseball teams in the region. By examining a specific
subset of positions within these teams, it is estimated that the participants in this screening
represent about 3–5% of the total youth baseball population in the prefecture. One hundred
and thirty-five patients were examined for on-field screening of elbow injuries related to
baseball. It was found that ten of the subjects had OCD, seven of whom were asymptomatic.
Twenty-five of the subjects did not join the screening because of team or family reasons.

In the youth baseball, the role of the pitcher is frequently assumed by those players
who possess a rich background in the sport and can deliver pitches at high velocities.
This group, as a result, is subject to substantial chronic elbow stress. The notably high
occurrence rate of osteochondritis dissecans (OCD) detected in our study may be largely
ascribed to our focus on central team players, namely pitchers and catchers, as well as
those individuals reporting elbow discomfort. Existing research reports that the prevalence
of elbow pain among young pitchers is roughly 26% [16]. It has been postulated that
pitchers, due to the significant physical demands placed on their upper limbs during play,
suffer from an increased rate of elbow pain in comparison to their counterparts in other
positions [17–20]. With the objective of improving the effectiveness and precision of our
screening process, we strategically confined our examination to pitchers, catchers, and
those players with a documented history of elbow issues. The duration necessary for
conducting this examination was approximately one and a half hours. Should we have
extended this screening to encompass all members of the baseball teams, we estimate it
would necessitate about four and a half hours—a threefold increase in time. Despite the
overarching goal of a screening being to evaluate as comprehensive a player population as
possible, we found that the examination proceeded efficiently, albeit within the constraints
posed by limited staff and time availability. In a comparative light, our findings align with
or diverge from other regional or international studies in intriguing ways. We selected the
specific sampling method employed to target pitchers, catchers, and those experiencing
elbow pain. Although this method efficiently detects OCD cases, it may have introduced a
selection bias, warranting a discussion on the potential skewness in the data representation.
It also raises the question of how universal screening across all player positions could
reveal OCD prevalence more broadly.

Previous reports have shown that the prevalence of OCD in baseball elbow screening
ranges from 1.2% to 3.4% [3,12,21]. In our study, the proportion of subjects who were
deemed to require a secondary, more detailed screening was found to be 23.0%, which
is substantially higher than previously reported. Moreover, a significant 7.4% of all the
subjects examined were conclusively diagnosed with OCD by means of ultrasound evalua-
tion. Both of these percentages represent high rates, which can be attributed to the specific
selection of subjects for the study.

This investigation has determined that a limited range of motion during elbow exten-
sion and pain experienced upon extending the elbow are significant risk factors associated
with OCD. Interestingly, there have been scant previous reports that make a connection
between the specific pain during elbow extension and the onset of OCD, which positions
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our findings as potentially groundbreaking. By bringing into focus the symptom of elbow
extension pain—a facet that has not been extensively explored in prior research—we can
potentially broaden the scope of candidates eligible for screening examinations. Should
further research consolidate the link between elbow extension pain and OCD, this symptom
could become a crucial criterion for advising against continued pitching. This advance-
ment would not only contribute to medical guidelines but could also inform immediate,
on-the-spot decisions to cease pitching activities at the field level, enhancing preventive
measures and safeguarding the health of players.

Prevention, timely detection, and early intervention of elbow injuries in school-aged
athletes are crucial to mitigating the onset of chronic elbow pain later in life. Baseball-
related elbow injuries, especially osteochondritis dissecans (OCD), often present without
symptoms in their initial stages. However, more severe cases may necessitate surgical inter-
vention, raising concerns about potential lasting functional impairments. Consequently,
conducting regular medical checkups focused on the elbow is essential for pre-empting
injuries related to pitching. In the context of youth baseball, the early identification of
OCD can pave the way for recovery through rest and non-invasive treatments. In contrast,
delays in detection can lead to extended periods of discomfort and substantial challenges
in maintaining pitching performance. Moreover, while a player might not experience pain
during their youth baseball activities, it is possible that sudden pain could manifest as
they progress in the sport. Under such circumstances, opportunities for repair through
conservative treatment may diminish, often making surgical solutions a more common
recourse. Therefore, implementing consistent screening protocols and promptly addressing
any signs of discomfort are vital. These measures can facilitate the early detection and
management of elbow injuries, thereby safeguarding the player’s long-term engagement
and performance in baseball.

In recent years, the scope and methods of elbow injury screenings in baseball have
varied across regions. Iwame and Matsuura et al. have successfully promoted the im-
portance of elbow screening over the years. They have now been able to secure a large
population by holding the examinations in conjunction with youth regional baseball tour-
naments [22,23]. Kida et al. carry out baseball screenings for youth aged 12–18 during
the off-season, synchronizing these examinations with regional baseball training camps to
effectively capture a substantial participant base. Additionally, they conducted the program
at the request of the Rubber Baseball Association, the Junior High School Baseball Federa-
tion, and the High School Baseball Federation. Over the course of a year, approximately
2500 participants, ranging from elementary to high school students, took part in these
examinations [3]. They have successfully conducted large-scale elbow screenings by syn-
chronizing the examinations with events such as regional tournaments and training camps,
ensuring the participation of a broad range of young players. Sakata et al. conducted
a pre-season medical check-up on 593 youth players aged 6–12 by the same examiner.
Their findings indicated that pitchers had a significantly higher incidence of medial elbow
injuries compared to other positions [18]. Tajika et al. screened 164 baseball players from
regional youth baseball teams. They studied the occurrence of pain pre- and post-season,
examining its correlation with physical changes and other clinical observations. Their
findings revealed a significant relationship between pre-season body weight and the onset
of elbow pain [24]. Otoshi et al. carried out baseball screenings post-season and studied the
relationship between elbow pain and the off-season’s length. Their findings indicated that a
prolonged off-season corresponded to reduced occurrences of medial elbow pain. Yet, they
observed no association between the off-season duration and the onset of OCD [1]. They
have shown through pre- and post-season screenings that there is a correlation between
the players’ physical changes, the length of the off-season, and clinical symptoms. This
information could be valuable for choosing future treatment and prevention strategies.
Takata et al. conducted a screening of 1045 players with current or past elbow pain. There
was a notable difference in the detection of OCD between those who received an ultrasound
examination and those who did not, with a higher detection rate in the former group. Fur-
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thermore, the ultrasound group also showed a higher follow-up examination attendance,
underscoring the efficacy of ultrasound in such screenings [14]. Harada et al. conducted
baseball screenings using ultrasound examinations and found that, out of 153 players, 35
presented with medial abnormalities detected by the ultrasound [12]. They demonstrated
that the use of ultrasound allowed for more accurate detection of elbow abnormalities
and promoted increased attendance at follow-up examinations. Outside of Japan, Holt
et al. examined both elbows using MRI before and after the season to track any changes in
condition. Their findings suggested that continuous play throughout the year significantly
exacerbated MRI-detectable abnormalities [25]. However, given the use of MRI, this study
goes beyond a simple screening examination. While baseball elbow screenings occur in
many places, their scope and setting differ regionally. Similarly, proactive prevention
approaches differ. When introducing screenings to previously underserved areas, chal-
lenges arise, such as selecting an appropriate venue, determining necessary staffing, and
ensuring the availability of equipment like ultrasound machines. Given these screenings’
nature, it is vital to swiftly and effectively assess many players to fulfill the screening’s
intended purpose.

In Ibaraki Prefecture, baseball lessons are held twice a year for members of the high
school baseball teams. It was thought that the number of participants could be increased
if the elbow screenings were held at the same time. The prefectural high school baseball
federation readily agreed to the event because some players are unable to pitch in high
school due to injuries sustained during their youth baseball days, and the event may
lead to an increase in the future population of high school baseball players. Many of the
youth baseball players also aspire to play in the Koshien National High School Baseball
Championships. Therefore, we believed that the participation rate of screening would
increase if they were encouraged by high school baseball players and coaches. As the new
project, Ibaraki Prefecture also introduced elbow-injury-in-baseball on-field screening. It
was not an easy task to raise awareness in areas where there had been no elbow injury
screening in the past. We believe that holding the on-field screening at the same time
as baseball lessons sponsored by the High School Baseball Federation helped to raise
awareness. Unlike other sports, baseball has many federations. While soccer, athletics and
other sports have their own federations under a larger federation, baseball, especially junior
high school baseball, has many individual federations. This situation makes it difficult to
hold health screenings. Therefore, we thought about collaborating with the High School
Baseball Federation, to which most players belong if they continue to play baseball until
their high school age. High school baseball is still very popular in Japan, and the prefectural
high school baseball federations believe that popularization of preventive medicine will
lead to the prevention of injuries. In addition, we also conducted on-field screening using
mobile MRI [26]. When combined with mobile MRI, it may be possible to make a definitive
diagnosis at the time of screening.

Limitations of this study include limited human resources and time. As this was a
new project, the number of participants on the medical side was small and only pitchers,
catchers, symptomatic players, and players with a history of elbow pain were included.
Physical examination findings and ultrasound were used to diagnose OCD in this study.
The study did not extend to the receipt and results of secondary medical examinations and
did not reflect the results of X-rays and MRIs, which are commonly performed at secondary
screening. In the future, we can increase the number of participants through the following:
(1) by increasing the number of medical staff participants, and (2) arranging alternative
dates for teams who are aware of the existence of OCD but are unable to participate due to
tournaments, matches, and other reasons. In addition, it is necessary to increase cooperation
with secondary health screening facilities. In this study, ultrasound examinations were
performed by multiple examiners. While it was possible to evaluate OCD of the lateral
epicondyle of the elbow, it should be noted that the ability to capture images may vary
depending on the skill level of the examiner. Furthermore, while we used the Pattern
classification, it should be noted that our study was designed as a screening procedure. At
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present, we have not implemented changes in the treatment methods based on different
Patterns. Future longitudinal studies with larger datasets might enable more definitive
treatment decisions. It would also be desirable to evaluate medial epicondylitis of the
elbow simultaneously and require even advanced proficiency in ultrasound examination
techniques. There is a need for standardization in the methods of ultrasound imaging
and evaluation across different examiners. Efforts have also been made to standardize
the ultrasound examination method and improve the detection rate for medial baseball
elbow injuries [27]. Moving forward, there will be a continuous search for more effective
examination methods in elbow screenings.

The long-term implications of early OCD detection and treatment go beyond merely
the physical realm. There is a socio-economic dimension considering the cost of treatment
in advanced stages and a psychological facet given the mental strain on young players
and their families. The value proposition of early interventions transcends the immediate
health benefits and delves into the holistic wellbeing of the affected individuals and the
community. Moreover, the success of this initiative in Ibaraki Prefecture beckons the
exploration of it across other prefectures or even on a national scale. Follow-up studies,
coupled with educational campaigns targeting coaches, players, and parents, can propagate
the essence of early detection and preventive measures. The findings advocate for a
structured framework within youth sports safety protocols, emphasizing regular health
screenings and early interventions. The potential to translate these findings into actionable
policies could significantly advance the overarching goal of fostering a safe and health-
conscious sporting environment.

5. Conclusions

We have reported an attempt to conduct on-field screening of elbow injuries in the
areas where elbow joint examinations have not been performed previously. Although we
were able to introduce the system smoothly by cooperating with the local Higher-Level
Baseball Federation, our efforts have shown that there is room for improvement. The
prevalence of OCD was as high as 7.4% in the examination. The incidence was significantly
higher than previous studies in other regions. This high rate may suggest that our on-
field screening was efficient at catching cases that might have otherwise gone unnoticed.
However, it may also be due to the limited population screened, indicating a need for
broader and more frequent screening events. In addition, it is necessary to improve the
efficiency of examinations. It was found that limited range of elbow extension and pain
on elbow extension may be related to the onset of OCD. These findings not only align
with existing medical knowledge but also pave the way for focused preventive measures.
Collaborative efforts, integrating the expertise of medical professionals, the support of
baseball federations, and the advancement in diagnostic technologies, form the cornerstone
of evolving a sustainable and impactful preventive healthcare model within the youth
baseball echo-screening system.
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Abstract
Objectives: Thumb carpometacarpal arthritis has a high incidence. However, the degree of damage to the
cartilage has not been accurately assessed. The purpose of this study was to examine the effects of axial
traction of the thumb carpometacarpal joint during magnetic resonance imaging (MRI) on the visibility of
articular cartilage in patients with thumb carpometacarpal arthritis and to evaluate the articular cartilage
defect using MRI findings.

Materials and methods: Forty-four patients with thumb carpometacarpal arthritis (14 males, 30 females) and
a mean age of 67.3±8.6 years were classified according to Eaton Stages 1, 2, 3, and 4 in 2, 14, 24, and 4
patients, respectively. Axial traction MRI was performed with and without traction (3 kg) using 3-Tesla MRI
(Siemens Magnetom Skyra) with a 3D T2* multiecho data imaging combination. The effectiveness of traction
was verified using the joint space width before and after traction at five points (central, volar, dorsal, radial,
and ulnar margins) and the original articular cartilage outline visibility classification (poor, intermediate,
complete). The rate of remaining cartilage on each joint surface was also evaluated. Statistical significance
was set at p<0.05 in this study.

Results: Joint space width increased significantly at all points with traction (P<0.01). The grade of articular
cartilage outline visibility significantly improved from seven intermediate and 37 poor cases to 15 complete,
23 intermediate, and six poor cases (P<0.01). Significantly more articular cartilage remained in Stages 1-2
compared with Stages 3-4 arthritis of both articular surfaces (P<0.01 in first metacarpal, P=0.01 in
trapezium).

Conclusion: Axial traction of the thumb increased the joint space width and improved articular cartilage
visibility in the thumb carpometacarpal joint. Our results suggested that axial traction MRI can be used for
noninvasive evaluation of articular cartilage defects in patients with thumb carpometacarpal arthritis and
aid in selecting the optimal surgical procedure.

Categories: Orthopedics
Keywords: cartilage defect, articular cartilage, magnetic resonance imaging, axial traction, thumb carpometacarpal
arthritis

Introduction
The thumb carpometacarpal joint is a saddle joint that connects the first metacarpal (MC1) and the
trapezium and can be moved in multiple directions during daily activities such as pinching or grasping
because of its anatomical characteristics [1,2]. The incidence of thumb carpometacarpal arthritis is high,
occurring in >15% of adults aged >30 years and one-third of postmenopausal women, despite it being a non-
weight-bearing joint [3-6]. Thumb carpometacarpal arthritis is usually diagnosed based on patient history,
physical examination, and radiographs. The Eaton classification of thumb carpometacarpal arthritis is
widely used to determine the staging and severity of this type of arthritis [7,8]. However, the degree of
damage to the articular cartilage has not been accurately assessed, because the Eaton classification is based
only on radiographs. One study reported that the intra- and inter-examiner reliabilities of this classification
are low [9], whereas other studies have reported a poor correlation between clinical symptoms and
intraoperative articular cartilage findings [10,11].

Magnetic resonance imaging (MRI) is widely used to evaluate articular cartilage damage. However, accurate
articular cartilage evaluation of the thumb carpometacarpal joint is challenging because of its anatomical
complexity and relatively small size compared to those of large joints such as the hip and knee. Although
some reports have evaluated the articular cartilage of the thumb carpometacarpal joint using MRI [12-14], an
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accurate method of evaluation has not yet been established because of the contact of the articular cartilage
between the MC1 and the trapezium, as well as the underestimation of the degree of cartilage damage
compared with other pathological findings [15].

To enhance the visibility of the articular cartilage, we performed an MRI while applying axial traction to the
thumb carpometacarpal joint in healthy volunteers [16]. The joint space width of the thumb carpometacarpal
joint was significantly increased in accordance with the traction weight, and the articular cartilage visibility
of the thumb carpometacarpal joint was significantly improved by axial traction. This method of applying
axial traction to improve the visualization of articular cartilage has also been previously used to observe
other joints, such as the elbow and knee [17,18].

The aim of this study was to examine the effects of axial traction during MRI of the thumb carpometacarpal
joint on the visibility of articular cartilage and to evaluate the remaining articular cartilage in patients with
thumb carpometacarpal arthritis.

Materials And Methods
Study population
This study was approved by the institutional review board of the Tsukuba University Hospital Mito Clinical
Education and Training Center, Ibaraki, Japan (No. R04-01), and was performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.

We enrolled 44 patients who visited our facility between April 2021 and October 2022 and were diagnosed
with thumb carpometacarpal arthritis. Written informed consent was obtained from each patient after a
thorough explanation of the objectives, methods, and expected complications.

Image acquisition
We used a 3-Tesla (3T) whole-body MRI system (Magnetom Skyra, Siemens Healthneers AG©, Munich,
Germany) with a 4-channel 3T special purpose coil (Siemens Healthneers AG©, Munich, Germany). For the
MRI sequence, a three-dimensional T2* multiecho data imaging combination (MEDIC) scan was used with
the following parameters: slice thickness, 0.2 mm; slice gap, 0.15 mm; field of vision, 130 × 130 × 78 mm;
matrix, 384 × 292; time to repeat, 20 ms; echo time, 11.0 ms; and flip angle, 25°. The required time,
according to the protocol, was 5 min and 43 sec for each image. The patients were asked to lay supine on a
table with their arms outstretched and their forearms pronated at the side of the body. The wrist and thumb
were fixed with custom-made splints to standardize the limb position during the MRI examination. The hand
under observation was centered parallel to the long axis of the gantry (Figure 1a).

FIGURE 1: Application of axial traction during thumb carpometacarpal
joint MRI
(a) The thumb is enclosed within a Chinese finger trap. Then, the wrist and thumb are fixed using a custom-made
splint. Finally, the microscopy coil is placed around the wrist. (b) The Chinese finger trap is connected to the
traction weight using a nonelastic rope routed through the pulley system.

Application of axial traction during MRI

2024 Ikumi et al. Cureus 16(1): e52025. DOI 10.7759/cureus.52025 2 of 9

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/860862/lightbox_f22d7420afc411ee927c931bee4ba2f8-Fig1-1-.png


The patient’s thumb was enclosed within a Chinese finger trap (Allen® Sterile Mesh Finger Traps, AliMed,
Inc., Massachusetts, USA) using a rope. After fixing the wrist and thumb using a splint to keep the thumb
position at 40-degree abduction during traction, the other end of the rope was hung over the edge of the MR
table via a pulley system and attached to non-magnetic traction weights (Figure 1b). The MRI was initially
performed without traction (no weight was used), followed by an MRI with traction. A traction weight of 3 kg
was used based on our previous research [16].

Image analysis
We evaluated the effects of traction on the joint space width and articular cartilage outline visibility. In this
study, the joint space width was defined as the space between opposing articular cartilages within the target
joint. All MR images were independently evaluated by two orthopedic surgeons (with 15 and 10 years of
clinical experience, respectively). All study images were interpreted on a workstation (Materialise Mimics,
version 20.0; Materialise©, Leuven, Belgium), which was used to obtain the multiplanar reconstructed (MPR)
images. Specifically, coronal and sagittal images were reconstructed parallel to the longitudinal axis of the
first metacarpal region. The plane connecting the depressed portions of the distal metacarpal condyles with
respect to the long axis was defined as coronal, and the plane perpendicular to the coronal plane was defined
as sagittal. This procedure was performed by the first author for all the images. The images were initially
enlarged, and the grayscale contrast was adjusted to optimize the visualization of the assessed structure.
The images were then randomly numbered to minimize bias.

Measurement of the joint space width
Joint space width was measured on sagittal and coronal images at the center of the proximal articular surface
of the first metacarpal bone as previously described [16]. On the sagittal image, the AB line, the line through
both the volar (point A) and dorsal (point B) borders at the proximal articular surface of the first metacarpal
bone; and the CD line, the line through both the volar (point C) and dorsal (point D) borders of the distal
articular surface of the trapezium were drawn first. Subsequently, a perpendicular line was drawn at the
center of the AB line and the intersection point of the articular surface of the first metacarpal bone was
labeled as point E and the intersection point of the articular surface of the trapezium was labeled as point F.
Furthermore, the intersection points of the perpendicular line drawn from points A and B to the CD line were
labeled as points G and H. On the sagittal image, the following two lines were drawn: the IJ line, the line
through the radial (point I) and ulnar (point J) borders of the proximal articular surface of the first
metacarpal bone, and the KL line, the line through the radial (point K) and ulnar (point L) borders at the
distal articular surface of the trapezium. Subsequently, the intersection points of the perpendicular lines
drawn from points K and L to the IJ line were defined as points M and N. The distance between points E and
F was defined as the center of the joint space width, those between points A and G and B and H were defined
as the volar and dorsal joint space widths, and those between points I and M and J and N were defined as the
radial and ulnar joint space widths, respectively (Figure 2).

FIGURE 2: Definition of measurement points.
(a) The coronal and sagittal axes are defined using the axial plane at the first metacarpal bone head. (b) Sagittal
image of first carpometacarpal joint. Distances E-F, A-G, and B-H were defined as the center, volar, and dorsal
distances, respectively. (c) Coronal image at the first carpometacarpal joint. Distances K-M and L-N were defined
as the radial and ulnar distances, respectively.

Assessment of the articular cartilage outline visibility
The articular cartilage outline visibility was graded using a three-grade scale as previously described [16].
Grade 2 (complete) occurred when 100% of the articular cartilage outline was clearly visible in the entire
range when facing the opposing articular cartilage. Grade 1 (intermediate) occurred when ≥50% but <100%
of the articular cartilage outline was clearly visible in the range when facing the opposing articular cartilage.
Grade 0 (poor) occurred when the articular cartilage outline was visible in <50% of the entire range when
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facing the opposing articular cartilage (Figure 3).

FIGURE 3: Articular cartilage outline visibility grade.
(a) Grade 0 (poor), (b) Grade 1 (intermediate), (c) Grade 2 (complete).

Measurement of the remaining cartilage rate
The rate of the remaining cartilage was evaluated using the same images on which joint space width was
measured. On the sagittal and coronal images, the distance between the subchondral bone of the articular
surface (line A-D) and the remaining cartilage (line A’-D’) was measured both on the first metacarpal bone
and trapezium. The rate of the remaining cartilage (%) was calculated by dividing the distance of the
remaining cartilage by subchondral bone, and the average value of the sagittal and coronal images was used
as the remaining cartilage rate of each bone (Figure 4).

FIGURE 4: Calculation method of the remaining cartilage rate.
(a) Sagittal image, (b) coronal image. The remaining cartilage (%) was calculated by dividing the distance of
remaining cartilage (A’ to D’) by subchondral bone (A to D). A, B, C, D: the distance of subchondral bone, A', B',
C', D': the distance of remaining cartilage, MC1: first metacarpal.

Statistical analyses
GraphPad Prism 8 (GraphPad Software, La Jolla, CA, USA) was used for all statistical analyses. All data were
tested for normal distribution using the Shapiro-Wilk test. None of the data on articular cartilage outline
visibility, joint space width, and remaining cartilage rate followed a normal distribution, owing to the small
sample size. Therefore, the Mann-Whitney and Friedman tests were used to assess the differences in joint
space widths and articular cartilage outline visibility with and without traction and the differences in the
remaining cartilage rate in Stages 1-2 and Stages 3-4 patients. Spearman’s rank correlation coefficient was
used to evaluate the correlation between the Eaton classification and articular cartilage visibility and
changes in joint space width. Statistical significance was set at p <0.05. 

Results
The study population comprised 44 patients (men: 14, women: 30), with a mean age of 67.3 ± 8.6 (range, 50-
82) years. According to the Eaton classification, 2 patients were in Stage 1, 14 in Stage 2, 24 in Stage 3, and 4
in Stage 4. There is no patient who suspended the MRI examination due to discomfort relating to traction.

The grades of articular cartilage outline visibility were intermediate in 7 and poor in 37 cases without
traction, complete in 15, intermediate in 23, and poor in 6 cases with traction. The visibility of the articular
cartilage outlines significantly improved with traction (P<0.01) (Figure 5). There was a significant
correlation between the Eaton classification stage and the grade of articular cartilage visibility with traction
(r = -0.3096, P = 0.0409), but no correlation was observed without traction (r = -0.2890, P = 0.0571). 
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FIGURE 5: Visibility of the articular cartilage outlines.
The visibility is significantly improved by traction. ** P < 0.01.

The joint space width without/with traction was 1.02 ± 0.85/2.25 ± 1.04 mm in the center, 2.28 ± 1.41/3.83 ±
1.43 mm in the volar edge, 1.60 ± 1.77/2.67 ± 1.75 mm in the dorsal edge, 3.70 ± 1.61/4.93 ± 1.66 mm in the
radial edge, and 1.43 ± 1.10/2.18 ± 1.39 mm in the ulnar edge. The joint space width increased significantly at
all points with traction (P < 0.01) (Figure 6).

FIGURE 6: Joint space widths at each point (mean ± standard
deviation).
Joint space widths significantly widened after axial traction at all points. ** P < 0.01.

The amount of change in joint space width before and after traction at each point was 1.23 ± 0.75 mm in the
center, 1.55 ± 1.13 mm in the volar edge, 1.06 ± 1.11 mm in the dorsal edge, 1.22 ± 1.21 mm in the radial
edge, and 0.75 ± 1.07 mm in the ulnar edge. No correlation between the Eaton classification stage and the
change in joint space width was observed at any point (P=0.8801 at the center, 0.4884 at the volar, 0.6458 at
the dorsal, 0.6080 at the radial, and 0.2983 at the ulnar edges). After comparing each point, the change in the
ulnar edge was significantly smaller than that in the center (P<0.01), volar edge (P<0.01), and radial edge
(P=0.02). 

The rate of remaining cartilage on the first metacarpal surface was 51.0 ± 22.8% in Stages 1-2 and 32.5 ±
16.8% in Stages 3-4 (P<0.01). The rate of remaining cartilage on the trapezium surface was 46.5 ± 23.9% in
Stages 1-2 and 26.8 ± 18.7% in Stages 3-4 (P=0.01) (Figure 7). However, when considering individual cases,
large cartilage defect (>50%) was observed in four Stages 1-2 patients (25.0% of all Stages 1-2 patients), and
>50% cartilage remained intact in three Stages 3-4 patients (10.7% of all Stage 3-4 patients).
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FIGURE 7: Remaining cartilage rate on sagittal and coronal images.
(a) Sagittal image; (b) coronal image. The presence of cartilage remained significant in Eaton Stages 1-2. **
P<0.01.

Discussion
Our results showed that the visibility of the cartilage outline of the thumb carpometacarpal joint on MRI was
significantly better when axial traction was applied to the thumb in patients with thumb carpometacarpal
arthritis, similar to that in healthy volunteers. The rate of remaining cartilage was significantly higher in
patients in the early Eaton stages. 

Various surgical procedures have been reported on thumb carpometacarpal arthritis [19]. For patients with
mild osteoarthritic changes (Eaton classification Stages 1-2), ligament repair, arthroscopic synovectomy,
and first metacarpal osteotomy are generally selected for joint-sparing surgery; whereas for patients with
advanced osteoarthritic changes (Eaton classification Stages 3-4), ligament reconstruction with or without
tendon interposition, arthrodesis, and artificial joint replacement are generally selected as non-joint-sparing
surgery. Although the clinical outcomes of each surgical procedure are generally good [20], some joint
preservation surgeries have achieved good symptomatic improvement even in patients with advanced
osteoarthritic changes on plain radiographs [21,22]. In the present study, although the articular cartilage
defect was significantly larger in patients with Eaton Stages 3-4, the cartilage remained >50% intact in 10%
of those patients. The change in load distribution due to the first metacarpal osteotomy is one of the
mechanisms used to reduce pain in patients with thumb carpometacarpal arthritis [23,24]. We believe that if
the residual articular cartilage can be evaluated preoperatively, joint-sparing surgery can be performed more
aggressively even in progressive cases. Thus, articular cartilage evaluation using axial traction MRI has the
potential to be useful for surgeons in selecting less-invasive surgical procedures. We also believe that joint-
sparing surgery is preferable for younger patients or those involved in heavy labor, although the risk of
osteoarthritic progression exists even after long-term joint-sparing surgery. 

In this study, the widening of the articular surface due to axial traction was significantly smaller on the ulnar
side. The anterior oblique (or volar beak) and dorsoradial ligaments have been reported as key ligaments in
thumb carpometacarpal arthritis [25-27]. These ligaments contribute to the stability of the radiodorsal side
of the thumb carpometacarpal joint. According to the progression of thumb carpometacarpal arthritis,
loosening of these ligaments related to radiodorsal instability of the thumb carpometacarpal joint may have
caused the difference in joint space width between the measurement points by traction in this study.
Although our results suggest that the degree of traction-induced widening of the joint space can be used to
evaluate joint instability, which reflects ligament dysfunction, the sample size was insufficient for evaluating
joint instability (ligament dysfunction). Future research efforts should aim to increase the sample size and
verify whether axial traction MRI can evaluate ligament function and articular cartilage. 

Badia et al. reported a treatment algorithm based on the intraoperative thumb carpometacarpal arthroscopy
findings in 2006 [11]. Depending on the degree of articular cartilage damage or loss, joint-sparing or non-
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joint-sparing surgery was selected for this algorithm. This algorithm is more innovative than the Eaton
classification because it assesses articular cartilage damage and loss with higher accuracy before deciding on
the surgical technique. However, several limitations have been encountered, including the inability to
evaluate the articular cartilage preoperatively, invasiveness, and the need to decide the surgical technique
intraoperatively. Our results demonstrate that axial traction MRI of the thumb carpometacarpal joint could
be used to preoperatively evaluate the articular cartilage condition, which would allow the selection of the
optimal surgical technique that reflects the articular cartilage condition, rather than depending on the Eaton
classification.

This study has several limitations. First, the assessment of the rate of remaining cartilage was limited to a
single slice of sagittal and coronal images in this study. Developing an evaluation method encompassing the
whole joint surface, possibly using techniques such as 3D reconstruction, is necessary for a more accurate
assessment of the articular cartilage condition in future studies. Second, the optimal traction weight was not
evaluated in this study. While increasing the axial traction on the thumb with heavier weights might further
widen the joint space and improve the articular cartilage outline visibility, this added traction may induce
pain in these individuals. Compared with our previous result of the change in joint space width in healthy
volunteers [16], there was no significant difference between 3 kg traction in patients with thumb
carpometacarpal arthritis and 2 kg and 5 kg traction in healthy volunteers (Figure 8). Thus, a 3 kg traction
was considered sufficient to evaluate articular cartilage defects in the thumb carpometacarpal joint. Thirdly,
this study did not verify whether articular cartilage was correctly detected by MRI. To evaluate the precision
of detecting articular cartilage through axial traction MRI, a study comparing the consistency between MRI
and arthroscopy findings is necessary for future research. Finally, the axial traction system used in this study
could not control the rotational force on the carpometacarpal joint of the thumb. A slight twist caused by
axial traction may have affected the measurement of the joint space widths at each point. Therefore, the
addition of a system to control the rotational force during axial traction becomes imperative.

FIGURE 8: The change of joint space width between with and without
traction.
There is no significant difference between 3 kg traction in thumb carpometacarpal arthritis patients and both 2 kg
and 5 kg traction in healthy volunteers at any measurement point by two-way ANOVA with the Geissler-Green
house correction. ** P < 0.01 between 2 kg and 5 kg traction in healthy volunteers by Tukey’s multiple
comparisons test. 

Conclusions
Axial traction of the thumb increased the joint space width and improved the visibility of the articular
cartilage of the thumb carpometacarpal joint on the MRIs of patients with thumb carpometacarpal arthritis.

Our results suggest that axial traction MRI can be used to noninvasively evaluate articular cartilage defects
in patients with thumb carpometacarpal arthritis.

Axial traction MRI holds potential as an evaluation index for selecting the optimal surgical method in
patients with thumb carpometacarpal arthritis.
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Optimal Limb Position for the Stress
Ultrasound Evaluation of Elbow Valgus
Laxity in Baseball Players

Ryuhei Michinobu,* MD, Takeshi Ogawa,y MD, PhD, Yuichi Yoshii,z§ MD, PhD, Akira Ikumi,* MD,
PhD, Kazuhiro Ikeda,* MD, Hiromitsu Tsuge,* MD, Shotaro Teruya,* MD, Yuki Hara,|| MD, PhD,
and Masashi Yamazaki,* MD, PhD
Investigation performed at Faculty of Medicine, Orthopedic Surgery, Tsukuba University,
Ibaraki, Japan

Background: The optimal limb position during stress ultrasound (SUS) evaluation of elbow valgus laxity has not been
standardized.

Purpose: To compare 2 elbow positions (at 90� and 30� of flexion) and report which position method better represents the
increased valgus laxity characteristics of baseball players.

Study Design: Controlled laboratory study.

Methods: Eighteen college baseball players with no history of elbow pain or elbow disorders who belonged to a college baseball
club between April and November 2021 participated in this study. The medial elbow joint space (MEJS) was recorded by ultra-
sonography at rest and under valgus stress, and the difference in MEJS between the conditions was considered the valgus laxity.
For all participants, the MEJS was recorded at 90� and 30� of elbow flexion. In the 90� of flexion position, the participant was
positioned in the supine position with abduction and external rotation of the shoulder, and 2.5 kgf of valgus stress was applied
proximally to the wrist. In the 30� of flexion position, the participant was positioned in the sitting position with abduction and exter-
nal rotation of the shoulder, and 3.0 kgf of valgus stress was applied to the ulnar head. Valgus laxity on the throwing and non-
throwing sides was compared between the 2 elbow positions using paired t tests or Wilcoxon signed-rank tests after
checking the normality.

Results: There was a significant difference in valgus laxity on the throwing side between the 90� and 30� of flexion positions
(1.9 vs 1.1 mm, respectively; P = .002), whereas no significant difference between positions was seen on the nonthrowing
side (P = .06).

Conclusion: SUS with the elbow flexed at 90� more clearly detected valgus laxity in the study participants than the 30� of flexion
position.

Clinical Relevance: The quantitative evaluation of valgus laxity is important for baseball players to assess the risk of ulnar col-
lateral ligament injury.

Keywords: stress ultrasound; evaluation; elbow valgus laxity; baseball players

In the baseball throwing motion, a large valgus stress is
loaded on the throwing elbow joint from the late cocking
phase to the acceleration phase.7 This valgus stress is
repeatedly loaded on the elbow with each throw, resulting
in valgus laxity.5,6,8,9,11,13,20 Excessive increase in valgus

laxity is a reported risk factor for ulnar collateral ligament
(UCL) injury among baseball players.22 Hence, quantita-
tive evaluation of valgus laxity is important.

Stress radiography has been commonly used to evaluate
valgus laxity; however, the use of stress ultrasound (SUS)
is being increasingly reported.2,4,10,11,18,20,22,23 Neverthe-
less, the limb position for SUS has not been standardized.
Ciccotti et al4 evaluated valgus laxity in baseball players in
the sitting position with 30� of elbow flexion and 90� of
forearm supination and reported that valgus laxity was
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greater on the throwing side. Several reports also applied
the same limb position method for SUS.2,18 On the other
hand, Sasaki et al20 evaluated valgus laxity among base-
ball players in the supine position, 90� of elbow flexion,
and forearm neutral rotation; they reported that valgus
laxity was greater on the throwing side. This limb position
method for SUS was applied in similar studies.10,11,22,24

However, it is unclear which limb position method more
clearly detects valgus laxity in baseball players.

The purpose of this study was to determine the method
that can detect valgus laxity in baseball players (90� or 30�
of elbow flexion) and to directly compare the 2 positions to
report which elbow position method better represents the
increased valgus laxity characteristics of baseball players.
We hypothesized that the 90� of flexion method, with an
elbow joint flexion angle similar to that of the throwing
motion, is superior to the 30� of flexion method.

METHODS

Study Population

Eighteen asymptomatic college baseball players (4 pitchers
and 14 fielders) who belonged to a college baseball club
between April and November 2021 were included in this
study. All participants were young men with no history
of elbow pain or elbow surgery. The overall age of the par-
ticipants was 18 to 20 years (mean 6 SD, 18.8 6 0.5 years),
and they had 9 to 12 years (mean 6 SD, 10.6 6 0.9 years) of
baseball experience. Seventeen were right-handed throw-
ers and 1 was a left-handed thrower. All participants pro-
vided written informed consent. This study was conducted
in accordance with the Declaration of Helsinki, and the
study protocol was approved by the ethics committee of
our institution.

Assessment

For all participants, the medial elbow joint space (MEJS),
defined as the distance between the medial distal end of
the humeral trochlea and the proximal end of the ulnar
sublime tubercle, was measured on rest days when they
had no athletic training. We used an ultrasound system
with an 11-MHz linear array transducer (SONIMAGE
MX1; Konica Minolta Japan Inc) and a standard trans-
ducer gel to capture images at 90� and 30� of elbow flexion,
with the elbow at rest and under valgus stress (Figure 1).

Valgus laxity was then calculated as the difference
between MEJS values under valgus stress and at rest.

The elbow limb positions were based on previous stud-
ies.4,22 In the 90� of flexion position, the participant was
positioned supine on the examination table, with 90� of
shoulder abduction, 90� of elbow flexion, and neutral fore-
arm rotation. At rest, the forearm was placed on the exam-
ination table to avoid valgus stress of the weight of the
forearm. If the shoulder joint external rotation was below
90�, a towel was placed under the forearm. Under valgus
stress, the position of the participant was adjusted as
shown in Figure 1B. Additionally, a handheld dynamome-
ter (mTas F-2; ANIMA Co, Ltd) adjusted to 2.5 kgf of valgus
stress was attached to the proximal wrist joint. In the 30�
of flexion position, the participant was positioned in the sit-
ting position, with 90� of shoulder abduction, 30� of elbow
flexion, and 90� of forearm supination. A processed acrylic
plate was used to maintain the 30� of flexion position of the
elbow. Under valgus stress, the same handheld dynamom-
eter adjusted to 3.0 kgf of valgus stress was attached to the
ulnar head. An assistant supported the upper arm of the
participant with a wooden block to ensure that the valgus
stress was properly loaded on the elbow (Figure 2). Fore-
arm rotation and amount of valgus stress in the 2 limb
positions were based on previous studies.4,22

The fiber direction of the UCL was identified, and
a probe was placed parallel to it. Ultrasonographic images
of the medial epicondyle, UCL, medial surface of the
humeral trochlea, and coronoid process of the ulna depicted
in the same field of view were used for MEJS measurements
(Figure 3). ImageJ Version 1.53t (National Institutes of
Health) was used as the image analysis software.

Three orthopaedic surgeons who use ultrasound in their
daily practice (R.M., T.O., and Y.H.) participated in the
acquisition of the images, and MEJS measurements were
performed by a single orthopaedic surgeon with 10 years
of experience (R.M.). We evaluated the intraobserver and
interobserver reliability of the MEJS and valgus laxity
measurements by using the intraclass correlation coeffi-
cient (ICC) on a different set of study participants. Intraob-
server reliability data were obtained twice by a single
orthopaedic surgeon (R.M.) from 10 elbows with a
1-month interval between measurements. Interobserver
reliability data were obtained independently by 2 ortho-
paedic surgeons (R.M. and S.T.) from 10 elbows each.
ICC values were interpreted according to the criteria of
Landis and Koch15: 0.00 to 0.20, slight; 0.21 to 0.40, fair;
0.41 to 0.60, moderate; 0.61 to 0.80, substantial; and 0.81
to 1.00, almost perfect.
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Statistical Analysis

All data were analyzed using SPSS Statistics Version 27
(IBM Corp). First, the normality of each variable was
checked using the Shapiro-Wilk test. If the P values of
the 2 variables to be compared were ..05, they were con-
sidered to follow a normal distribution and a paired t test
was performed. If either variable had a P value \.05, the
Wilcoxon signed-rank test was performed. The paired

t test or Wilcoxon signed-rank test was performed for com-
parisons of the measurements between the throwing side
and nonthrowing side in both the 30� and 90� of flexion
positions. Significant differences were set at a level of
5%. The effect size (ES) was calculated using the Cohen d.

RESULTS

The intraobserver reliability (ICC[1,1]) of the MEJS and
valgus laxity measurements ranged from 0.75 to 0.94,

Figure 1. Measurement positions of a study participant: (A) 90� of flexion position with the elbow at rest, (B) 90� of flexion position
with the elbow under valgus stress, (C) 30� of flexion position with the elbow at rest, and (D) 30� of flexion position with the elbow
under valgus stress.

Figure 2. Photograph showing the 30� of flexion position
under valgus stress. An assistant supported the participant’s
upper arm to ensure that valgus stress was properly loaded
on the elbow.

Figure 3. Long-axis image demonstrating the measurement
of medial elbow joint space (MEJS; represented by aster-
isks). E, medial humeral epicondyle; ST, proximal end of
the ulnar sublime tubercle; T, medial distal end of the
humeral trochlea; UCL, ulnar collateral ligament.
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and the interobserver reliability (ICC[2,1]) ranged from
0.73 to 0.89, indicating substantial to almost perfect agree-
ment for all measurements (Table 1).

Figure 4 shows the MEJS results for each elbow posi-
tion. At rest, MEJS was 3.9 6 0.9 mm on the throwing
side and 3.8 6 1.0 mm on the nonthrowing side in the
90� of flexion position. In the 30� of flexion position, it
was 4.5 6 0.8 mm on the throwing side and 4.7 6

0.7 mm on the nonthrowing side. There was no significant
difference between the 2 sides for both limb positions in the
resting condition (90� of flexion position: P = .62; 30� of
flexion position: P = .56). Under valgus stress, MEJS was
5.8 6 1.2 mm on the throwing side and 5.1 6 1.5 mm on
the nonthrowing side in the 90� of flexion position and
5.6 6 0.7 mm on the throwing side and 5.4 6 0.7 mm on
the nonthrowing side in the 30� of flexion position. In the
90� of flexion position, the MEJS was significantly larger
on the throwing side than on the nonthrowing side (P =
.019; ES = 0.61); whereas in the 30� of flexion position,
there was no significant difference between the throwing
and nonthrowing sides (P = .28).

Valgus laxity was 1.9 6 0.7 mm on the throwing side
and 1.3 6 0.8 mm on the nonthrowing side in the 90� of
flexion position and 1.1 6 0.7 mm on the throwing side
and 0.8 6 0.6 mm on the nonthrowing side in the 30� of
flexion position. In the 90� of flexion position, the differ-
ence was significantly larger on the throwing side than
on the nonthrowing side (P = .022; ES = 0.60), whereas
in the 30� of flexion position, there was no difference
between the throwing and nonthrowing sides (P = .13).

Valgus laxity was significantly larger in the 90� of flex-
ion position than in the 30� of flexion position on the throw-
ing side (P = .002; ES = 0.87). Ultrasound images of
a representative case are shown in Figure 5. In contrast,
there was no significant difference in the valgus laxity
between the 30� and 90� of flexion positions on the non-
throwing side (P = .06).

DISCUSSION

The major findings from our study were that the elbow val-
gus laxity on the throwing side was significantly larger (by
0.8 mm) in the 90� of flexion position than in the 30� of flex-
ion position (1.9 vs 1.1 mm; P = .002; ES = 0.87), whereas
there was no significant difference on the nonthrowing

side. Therefore, the valgus laxity of the throwing elbow
joint was more clearly detected with a static force in the
90� of flexion position than in the 30� of flexion position
among baseball players. This indicates that the 90� of flex-
ion position is the more optimal limb position for SUS eval-
uation of valgus laxity.

The evaluation of valgus instability at the elbow joint in
stress radiography indicated that instability occurs when
the medial joint opening exceeds 1 mm.14 Generally, joint
laxity is less severe than joint instability. Considering
these factors, a difference of 0.8 mm is a clinically signifi-
cant value for valgus laxity despite the difference between
SUS and stress radiography. Furthermore, the difference
between MEJS on the throwing and nonthrowing sides
could be detected in the 90� of flexion position but not in
the 30� of flexion position. These results lend further sup-
port that the 90� of flexion position is the more optimal
limb position for the SUS evaluation of valgus laxity.

There are 2 important points regarding this result from
a biomechanics perspective. First, the UCL is the primary
static stabilizer for valgus stress of the elbow joint.12,17 Pre-
vious research on cadavers indicated that the maximum val-
gus instability occurs in 90� flexion position when the UCL
is dissected.3 This indicates that the maximum contribution
of the UCL as a static stabilizer to valgus stress is in the 90�
of flexion position. Morrey and An16 also reported that in
the 90� of flexion position, the contribution of the UCL as
a static stabilizer to valgus stress is greater than that of
the bone and joints. Second, the maximum valgus stress
on the elbow joint in the throwing motion occurs immedi-
ately before the maximum external rotation of the shoulder
joint and around 90� of elbow flexion.8 At this instant, the
elbow joint is loaded with a large varus torque comparable
to the breaking strength of the UCL.1,8,25 With each pitch,
the elbow joint is repeatedly loaded with this stress, result-
ing in valgus laxity over time.5,6,8,9,11,13,20 These 2 state-
ments support the hypothesis that the valgus laxity in
baseball players is best detected in the 90� of flexion
position.

Regarding the difficulty of the procedure in different
limb positions, in actual clinical practice, we consider
that a reproducible and simple technique such as the 90�
of flexion position is visually clear and is considered highly
reproducible. In contrast, we consider that the 30� of flex-
ion position is not visually clear and requires time, effort,
and measurement with an angle meter to ensure

TABLE 1
Intraobserver and Interobserver Reliability of MEJS and Valgus Laxitya

Intraobserver (ICC[1,1]) Interobserver (ICC[2,1])

90� of Flexion Position 30� of Flexion Position 90� of Flexion Position 30� of Flexion Position

MEJS
At rest 0.937 0.75 0.851 0.788
Under valgus stress 0.935 0.872 0.873 0.888

Valgus laxity 0.824 0.843 0.748 0.728

aICC, intraclass correlation coefficient; MEJS, medial elbow joint space.
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reproducibility. In terms of simplicity, the 90� of flexion
position does not require any special equipment. However,
in the 30� of flexion position, equipment is needed to prop-
erly load valgus stress while maintaining the flexion angle.
In this study, a simply processed acrylic plate was used to
maintain the 30� of flexion position, but multiple assistants

were required to maintain the limb position, such as upper
arm support when loading valgus stress. Some studies
have indicated using dedicated devices; however, they
are expensive and not practical in clinical or sports
fields.2,4,6,10,21,23 We consider that the same can be stated
for limb positions other than 30�, such as 45� and 60�.
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Figure 4. Bar graph illustrating the MEJS for the (A) 90� of flexion position and (B) 30� of flexion position. Error bars indicate standard
deviation. *Statistically significant difference between throwing and nonthrowing sides (P \ .05). MEJS, medial elbow joint space.

Figure 5. Ultrasound images from a 19-year-old pitcher showing the medial elbow joint space (MEJS; represented by asterisks)
on the throwing side for the (A) 90� of flexion and (B) 30� of flexion positions. Valgus laxity was greater at the 90� of flexion position
than at the 30� of flexion position (2.1 vs 1.0 mm).
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Therefore, the evaluation method using the 90� of flexion
position is easier to use clinically than the evaluation
method using the 30� of flexion position.

In this study, the difference between the 2 limb posi-
tions is the forearm rotation in addition to the elbow flex-
ion angle. In the 90� of flexion position, the forearm was
in neutral rotation, and in the 30� of flexion position, the
forearm was in supination. Safran et al19 investigated
the effect of forearm rotation on elbow valgus laxity at
30�, 50�, and 70� of elbow flexion in a cadaveric study.
Results showed that when the UCL was intact, valgus lax-
ity was greater in the neutral forearm position compared
with forearm pronation or supination at all elbow flexion
angles. In this study, forearm rotation in the 30� of flexion
position was defined as supination on the basis of previous
studies, but it is unclear whether the forearm rotation
affected the magnitude of valgus laxity.

Strengths and Limitations

The strengths of this study include the uniformity of the
technique, the precision of high-resolution ultrasonogra-
phy, and the methods being conducted by experienced
orthopaedic surgeons. It is possible that previous studies
conducted with the 30� of flexion elbow position adopted
in this study have not adequately assessed the valgus lax-
ity characteristics of baseball players.

There are several limitations of this study. First, the study
is limited to college baseball players. It is not known whether
the same results could be obtained for other age or sex groups.
Second, the number of participants in this study is small.
Third, subgroup analyses by age and years of baseball experi-
ence could not be performed because of the small individual
differences in these parameters in the participants. Fourth,
it did not consider the differences in valgus laxity by forearm
rotation within the same elbow flexion angle. Fifth, the 30� of
flexion position was not measured under conditions where
gravity was applied to the forearm, and this approach may
have resulted in differences from the measurements in the
90� of flexion position. Sixth, ultrasound effectiveness
depends on the observer. Although intraobserver and interob-
server reliability was high in this study, results can differ
depending on the observer’s experience with SUS. Seventh,
this study did not investigate the association between valgus
laxity and injuries, such as UCL injuries.

CONCLUSION

In the current study, the 90� of flexion position of the elbow
more clearly detected valgus laxity than the 30� of flexion
position, indicating that the 90� of flexion position is more
optimal for SUS evaluation of elbow valgus laxity in baseball
players.

ACKNOWLEDGMENT

The authors thank the university baseball team and team
officials who assisted in the study. They also thank Editage
(www.editage.jp) for their English-language editing.

REFERENCES

1. Ahmad CS, Lee TQ, ElAttrache NS. Biomechanical evaluation of

a new ulnar collateral ligament reconstruction technique with interfer-

ence screw fixation. Am J Sports Med. 2003;31(3):332-337. doi:10.

1177/03635465030310030201

2. Atanda A Jr, Buckley PS, Hammoud S, Cohen SB, Nazarian LN, Cic-

cotti MG. Early anatomic changes of the ulnar collateral ligament

identified by stress ultrasound of the elbow in young professional

baseball pitchers. Am J Sports Med. 2015;43(12):2943-2949.

doi:10.1177/0363546515605042

3. Callaway GH, Field LD, Deng XH, et al. Biomechanical evaluation of

the medial collateral ligament of the elbow. J Bone Joint Surg Am.

1997;79(8):1223-1231. doi:10.2106/00004623-199708000-00015

4. Ciccotti MG, Atanda A Jr, Nazarian LN, Dodson CC, Holmes L,

Cohen SB. Stress sonography of the ulnar collateral ligament of the

elbow in professional baseball pitchers: a 10-year study. Am J Sports

Med. 2014;42(3):544-551. doi:10.1177/0363546513516592

5. Conway JE, Jobe FW, Glousman RE, Pink M. Medial instability of the

elbow in throwing athletes. Treatment by repair or reconstruction of

the ulnar collateral ligament. J Bone Joint Surg Am. 1992;74(1):67-

83. doi:10.2106/00004623-199274010-00009

6. Ellenbecker TS, Mattalino AJ, Elam EA, Caplinger RA. Medial elbow

joint laxity in professional baseball pitchers. A bilateral comparison

using stress radiography. Am J Sports Med. 1998;26(3):420-424.

doi:10.1177/03635465980260031301

7. Fleisig GS, Andrews JR, Dillman CJ, Escamilla RF. Kinetics of base-

ball pitching with implications about injury mechanisms. Am J Sports

Med. 1995;23(2):233-239. doi:10.1177/036354659502300218

8. Fleisig GS, Barrentine SW, Escamilla RF, Andrews JR. Biomechanics

of overhand throwing with implications for injuries. Sports Med.

1996;21(6):421-437. doi:10.2165/00007256-199621060-00004

9. Hamilton CD, Glousman RE, Jobe FW, Brault J, Pink M, Perry J.

Dynamic stability of the elbow: electromyographic analysis of the

flexor pronator group and the extensor group in pitchers with valgus

instability. J Shoulder Elbow Surg. 1996;5(5):347-354. doi:10.1016/

s1058-2746(96)80065-6

10. Harada M, Takahara M, Maruyama M, Nemoto T, Koseki K, Kato Y.

Assessment of medial elbow laxity by gravity stress radiography:

comparison of valgus stress radiography with gravity and a Telos

stress device. J Shoulder Elbow Surg. 2014;23(4):561-566. doi:10.

1016/j.jse.2014.01.002

11. Hattori H, Akasaka K, Otsudo T, Hall T, Amemiya K, Mori Y. The effect

of repetitive baseball pitching on medial elbow joint space gapping asso-

ciated with 2 elbow valgus stressors in high school baseball players. J

Shoulder Elbow Surg. 2018;27(4):592-598. doi:10.1016/j.jse.2017.10.031

12. Hotchkiss RN, Weiland AJ. Valgus stability of the elbow. J Orthop

Res. 1987;5(3):372-377. doi:10.1002/jor.1100050309

13. Jobe FW, Stark H, Lombardo SJ. Reconstruction of the ulnar collat-

eral ligament in athletes. J Bone Joint Surg Am. 1986;68(8):1158-

1163. doi:10.2106/00004623-198668080-00004

14. Karbach LE, Elfar J. Elbow instability: anatomy, biomechanics, diag-

nostic maneuvers, and testing. J Hand Surg Am. 2017;42(2):118-126.

doi:10.1016/j.jhsa.2016.11.025

15. Landis JR, Koch GG. The measurement of observer agreement for

categorical data. Biometrics. 1977;33(1):159-174.

16. Morrey BF, An KN. Articular and ligamentous contributions to the sta-

bility of the elbow joint. Am J Sports Med. 1983;11(5):315-319.

doi:10.1177/036354658301100506

17. Morrey BF, Tanaka S, An KN. Valgus stability of the elbow. A defini-

tion of primary and secondary constraints. Clin Orthop Relat Res.

1991;(265):187-195.

18. Nazarian LN, McShane JM, Ciccotti MG, O’Kane PL, Harwood MI.

Dynamic US of the anterior band of the ulnar collateral ligament of

the elbow in asymptomatic Major League Baseball pitchers. Radiol-

ogy. 2003;227(1):149-154. doi:10.1148/radiol.2271020288

19. Safran MR, McGarry MH, Shin S, Han S, Lee TQ. Effects of elbow

flexion and forearm rotation on valgus laxity of the elbow. J Bone

Joint Surg Am. 2005;87(9):2065-2074. doi:10.2106/JBJS.D.02045

6 Michinobu et al The Orthopaedic Journal of Sports Medicine



20. Sasaki J, Takahara M, Ogino T, Kashiwa H, Ishigaki D, Kanauchi Y.
Ultrasonographic assessment of the ulnar collateral ligament and
medial elbow laxity in college baseball players. J Bone Joint Surg
Am. 2002;84(4):525-531. doi:10.2106/00004623-200204000-00003

21. Seiber K, Bales C, Wörner E, Lee T, Safran MR. Assessment of the
reliability of a non-invasive elbow valgus laxity measurement device.
J Exp Orthop. 2020;7(1):74. doi:10.1186/s40634-020-00290-2

22. Shanley E, Smith M, Mayer BK, et al. Using stress ultrasonography to
understand the risk of UCL injury among professional baseball pitch-
ers based on ligament morphology and dynamic abnormalities.
Orthop J Sports Med. 2018;6(8):2325967118788847. doi:10.1177/
2325967118788847

23. Singh H, Osbahr DC, Wickham MQ, Kirkendall DT, Speer KP. Valgus

laxity of the ulnar collateral ligament of the elbow in collegiate ath-

letes. Am J Sports Med. 2001;29(5):558-561. doi:10.1177/036354

65010290050601

24. Watanabe H, Masuma H, Kenmoku T, et al. Increased medial laxity of

the elbow in preadolescent baseball players with or without medial

elbow apophysitis. JSES Int. 2021;5(6):1119-1124. doi:10.1016/j

.jseint.2021.07.010

25. Werner SL, Fleisig GS, Dillman CJ, Andrews JR. Biomechanics of the

elbow during baseball pitching. J Orthop Sports Phys Ther.

1993;17(6):274-278. doi:10.2519/jospt.1993.17.6.274

The Orthopaedic Journal of Sports Medicine Elbow Valgus Laxity in Baseball Players 7





















Clin Orthop Relat Res (2023) 00:1-8
DOI 10.1097/CORR.0000000000002829

Clinical Research

Is a Novel Fluoroscopic Intraoperative Reference System
Superior to Conventional Management for Distal Radius Fracture
Reduction? A Propensity-matched Comparative Study

Sho Kohyama MD, PhD1 , Yuichi Yoshii MD, PhD2, Akira Ikumi MD, PhD3 , Takeshi Ogawa MD, PhD4,
Tomoo Ishii MD, PhD2

Received: 22 February 2023 / Accepted: 26 July 2023 / Published online: 6 September 2023
Copyright © 2023 by the Association of Bone and Joint Surgeons

Abstract
Background Preoperative planning is generally per-
formed to simulate the process of reduction as well as to

determine the size and placement of implants in patients
undergoing distal radius fracture surgery. We previously
described a three-dimensional (3D) digital preoperative
planning system for the osteosynthesis of distal radius
fractures, and we have developed a novel intraoperative
referencing system that superimposes preoperative plan-
ning (such as plate position and length) onto fluoroscopic
images during surgery; however, its efficacy has not been
evaluated compared with conventional planning and
surgery.
Questions/purposes Does use of a novel intraoperative
referencing system result in (1) better Mayo wrist scores at
3 and 6 months after surgery and (2) less loss of reduction
in terms of ulnar variance, palmar tilt, and radial inclination
on plain radiographs taken 1 week, 3 months, and 6 months
after surgery compared with conventional preoperative
planning?
Methods Between April 2014 and October 2021, we
treated 294 patients with open reduction and volar plate
fixation for distal radius fractures. Of 294 patients, 65%
(191) underwent surgery using either conventional pre-
operative planning or a novel intraoperative referencing
system. The remaining patients were excluded because
they were younger than 18 years, they had some missing
medical records related to the clinical outcomes, or they
had a previous history of upper extremity injuries. During
that time, we generally treated fractures with volar plates
when there was: more than 2 mm of stepoff/gap in the
articular surface, a dorsal tilt more than 15°, radial in-
clination less than 15°, or radial shortening more than
5 mm. Generally, we used a flexor carpi radialis approach.
In some patients who had dorsal fragments, we added a
dorsal approach. At that time, we were developing the new
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intraoperative referencing system, so it was not used con-
sistently. To arrive at a fair assessment, we opted to per-
form propensity matching based on age, gender, and AO
fracture type. During the period in question, 36% (69 of
191) of patients with distal radius fractures who received a
volar plate were treated using our novel intraoperative
referencing system, and 64% (122 of 191) had surgery
using conventional preoperative planning (control group).
Of those, 91% (63 of 69) of patients who were treated with
the intraoperative referencing system and 89% (108 of 122)
of those in the control group were available for follow-up
with all imaging and Mayo wrist scores at least 6 months
after surgery. After propensity matching, that left us with
two groups of 39 patients, who were well matched in terms
of age and fracture type; these were the study groups. We
also tried tomatch them according to gender, but there were
fewer patients in the intraoperative referencing group, and
the percentage of women for each group differed: 70% (44
of 63) in the intraoperative referencing group and 76% (82
of 108) in the control group. Also, there were fewer men
with C3 fractures in the control group. Therefore, 64% (25
of 39) of patients in the intraoperative referencing group
were women and 77% (30 of 39) of patients in the control
group were women. In the intraoperative referencing
group, our novel intraoperative referencing system was
used in combination with the 3D digital preoperative
planning system for preoperative planning. In the control
group, preoperative planning was performed manually in a
conventional manner using tracing paper and implant
templates or using a digital template. We compared the
groups in terms of operative duration, the radiation dose
used in surgery, and Mayo wrist scores at 3 and 6 months
after surgery. We also compared the groups in terms of loss
of reduction on ulnar variance, palmar tilt, and radial in-
clination on plain radiographs taken 3 months and
6months after surgery. We considered the plain radiograph
taken 1 week after surgery as a baseline. Each item was
compared between the image fusion and control groups
using a Welch t-test.
Results Mayo wrist scores were no different between the
intraoperative referencing system and the control group at 3
months (716 7 versus 726 11, mean difference 1 [95%CI
-3.7 to 5.7]; p = 0.07) or at 6 months after surgery (76 6 6
versus 796 11, mean difference 3 [95% CI -3.5 to 7.9]; p =
0.12). There were no differences in surgical duration or ra-
diation doses between the intraoperative referencing and
control groups. We found only a small advantage in favor of
the intraoperative referencing system in terms of loss of
reduction on ulnar variance (3 months after surgery: 0.2 6
0.4mmversus 0.66 0.7mm,mean difference 0.4mm [95%
CI 0.15 to 0.69]; p = 0.003, 6 months after surgery: 0.4 6
0.6mmversus 0.86 0.8mm,mean difference 0.4mm [95%
CI 0.05 to 0.73]; p = 0.02 for the intraoperative referencing
system and the control group, respectively). This difference

in radial shorteningwas so small that it was not likely to have
been clinically important.
Conclusion We found no clinically important advantages
from the use of our novel intraoperative referencing system
except a slight improvement in ulnar variance. Therefore,
we recommend against its use in everyday practice at this
time. However, future improvements may lead to better
clinical outcomes, so we plan further investigations.
Level of Evidence Level III, therapeutic study.

Introduction

Distal radius fractures are common, representing 44% of all
fractures [7]; they occur most often in elderly patients after
low-energy trauma and in young patients after high-energy
trauma. Peak incidence is in Caucasian women older than
65 years [4]. Distal radius fractures can be treated either
nonsurgically or with reduction and fixation. Although
many patients treated nonsurgically report little pain or
disability, there is evidence that the risk of redisplacement
is up to 64% in those treated conservatively [9]. Generally,
those patients with a dorsal angulation greater than 15°,
radial shortening larger than 3 mm, or an intra-articular
stepoff greater than 2 mm are indicated for surgical treat-
ment to have better results, both in terms of achieving an
anatomic reduction and clinical outcomes [11].

Anatomic fracture reduction provides a better chance of
full functional restoration, since the risk of developing
posttraumatic osteoarthritis is 20-fold higher for intra-
articular fractures [1], and a residual articular stepoff of
more than 2 mm results in posttraumatic osteoarthritis in
100% of patients [9]. Preoperative planning is performed to
simulate the process of reduction as well as the size and
placement of implants. This commonly is done using pic-
ture archiving and communication systems (PACS) [3].
However, this does not allow for planning in three di-
mensions (3D). We previously developed and reported a
3D digital preoperative planning system for the osteosyn-
thesis of distal radius fractures [17]. The initial version of
this system did not allow direct comparison of preoperative
planning and intraoperative fluoroscopic images, so we
developed a novel intraoperative referencing system that
superimposes preoperative planning onto fluoroscopic
images during surgery [19]. However, whether this new
system provides benefits that patients can perceive has not
been evaluated.

We therefore asked: Does use of our novel intra-
operative referencing system result in (1) better Mayo wrist
scores at 3 and 6 months after surgery and (2) less loss of
reduction in terms of ulnar variance, palmar tilt, and radial
inclination on plain radiographs taken 1 week, 3 months,
and 6 months after surgery compared with conventional
preoperative planning?
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Patients and Methods

Study Design and Setting

This was a single-center, retrospective, comparative study
that used propensity matching. Our institution is a core
hospital in a city with a population of 50,000 that supports a
wide variety of both community and referral patients from
surrounding rural area.

Patients and Propensity Score Matching

Between April 2014 and October 2021, we treated 294
patients with open reduction and volar plate fixation for
distal radius fractures. Of 294 patients, 65% (191) un-
derwent surgery using either conventional preoperative
planning or our novel intraoperative referencing system.
The remaining patients were excluded because they were
younger than 18 years, they had some missing medical
records related to clinical outcomes, or they had a previous
history of upper extremity injuries. During that time, we
generally treated fractures with volar plates when there was
more than 2 mm of stepoff/gap in the articular surface, a
dorsal tilt more than 15°, radial inclination less than 15°, or
radial shortening more than 5 mm. Usually, we used a
flexor carpi radialis approach. In some patients with dorsal
fragments, we added a dorsal approach.

As we were developing our novel intraoperative refer-
encing system, which at this time is called the image fusion
system, we used it inconsistently. We started consistently
using the new system in July 2018.

We divided patients into two groups: the intraoperative
referencing group and the control group. We used our
novel intraoperative referencing system and the 3D digital
preoperative planning system for preoperative planning in
the intraoperative referencing group. Currently, this pro-
gram is not commercially available. This program is in
development with a software company (LEXI Co Ltd). In
this study, we collected the data using the program to
obtain a proof of concept. Preoperative planning was per-
formed manually in the conventional manner using tracing
paper and implant templates or using a digital template in
the control group.

To arrive at a fair assessment, we opted to perform
propensity matching based on age, gender, and AO fracture
type (assessed on CT scans). During the time period in
question, 36% (69 of 191) of patients with distal radius
fractures who received a volar plate were treated using our
novel intraoperative referencing system and 64% (122 of
191) had surgery using conventional preoperative planning
(control group). Of those, 91% (63 of 69) of patients in the
intraoperative referencing system group and 89% (108 of
122) of those in the control group were available for

follow-up with all imaging and Mayo wrist scores at least
6 months after surgery. We used a nearest neighbor
matching model to create a comparable control group. The
matching variables of age and fracture type were inserted
for a propensity score matching algorithm with one-to-one
optimum matching between the two groups. Propensity
matching left us with two groups each with 39 patients. We
also tried to match patients based on gender, but because
there were fewer patients in the intraoperative referencing
group, the percentage of women for each group differed:
70% (44 of 63) for the intraoperative referencing group and
76% (82 of 108) for the control group. Also, there were
fewer men with C3 fractures in the control group, with 21%
(13 of 63) in the intraoperative referencing group and 9%
(10 of 108) in the control group (Table 1). After propensity
matching, the intraoperative referencing group was com-
prised of 64% (25 of 39) women and the control group
included 77% (30 of 39) women.

Descriptive Data

Our two study groups did not differ in important ways after
we applied propensity score matching in terms of age,
gender, and fracture type (Table 2). The study population
included 25 women and 14 men in the intraoperative ref-
erencing group with a mean age of 65 6 14 years. In the
control group, there were 30women and 9menwith amean
age of 66 6 12 years.

Preoperative Planning

We planned to use Stellar P/D locking plates (HOYA
Technosurgical Inc) for all patients. This plate system is a
monoaxial volar locking plate system and has three sizes
for width (small, medium, and large) and two sizes for
length (short and long). Distal screw lengths varied from
10 to 24 mm with a diameter of 2.4 mm, and proximal
screw lengths varied from 10 to 20 mm with a diameter of
2.6 mm.

Details on preoperative planning using our novel
intraoperative referencing systemwere previously reported
[19]. Using the system, contours of bones and implants
from the preoperative plan were extracted, and they could
be superimposed to intraoperative fluoroscopic images. So
the system enables the surgeons to refer to the overlapping
images to determine implant placement. We performed
preoperative planning in the control group by handwriting
on tracing paper and adjusting the scale of the AP and
lateral views of radiographs on PACS or using a digital
template [17]. Radiographs of the contralateral side were
used. The size and placement of the locking plate were
planned in both groups. The surgical goals were identical in

Volume 00, Number 00 Novel Reference System for Distal Radius Fractures 3

Copyright © 2023 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 by B

hD
M

f5eP
H

K
bH

4T
T

Im
qenV

A
+

lpW
IIB

vonhQ
l60E

tgtdlLY
rLzS

P
u+

hU
apV

K
5dvm

s8 on 09/07/2023



both groups, in terms of anatomical reduction, plate
placement, and prevention of screw protrusion either dor-
sally or intraarticularly.

Surgical Technique and Aftercare

After preoperative planning, we performed osteosynthesis
in all patients under general anesthesia. In the intra-
operative referencing system group, the outline of the
planned image was displayed on a fluoroscopy monitor,
and its size was calibrated and overlapped with the

fluoroscopic image (Fig. 1). Surgeons made an effort to
reproduce the planned reduction and implant position in
accordance with the outline of the intraoperative refer-
encing system, and they referred to the handwritten pre-
operative plan in the control group. Both groups underwent
the same postoperative rehabilitation program. We
immobilized the wrist with a splint for 1 to 2 weeks, then
initiated ROM exercises of the wrist and forearm under the
instruction of hand therapists. ROM exercises of fingers
were initiated soon after surgery.

Data Sources and Measurement

We assessed the surgical duration, radiation dose needed in
surgery, and Mayo wrist scores 3 and 6 months after surgery.
The presence or absence of complications in each group was
recorded at the time of the final hospital visit. All data were
abstracted from the medical records by one surgeon who
participated in the study (YY); this surgeonwas not blinded to
the study groups. In addition, the number of distal screws
protruding into the joint or dorsal compartment was assessed
by radiograph and CT. We took postoperative CTs 1 month
after surgery. Bearing in mind the patients’ radiation expo-
sure,we tookCT scanswith patients standingwith both hands
in front to reduce the absorbed radiation dose. We also used
the Advanced intelligent Clear-IQ Engine application (Canon
Medical Systems) for low-dose imaging during CT scans,
which resulted in a reduction of the CT dose index from the
conventional 6.9 mGy to 1.4 mGy. We assessed the loss of
reduction on ulnar variance, palmar tilt, and radial inclination
on plain radiographs taken 1 week, 3 months, and 6 months
after surgery. Two raters (YY and one individual who was
not a study author) independently assessed images. The sec-
ond rater was blinded to the groups. Interrater reliabilities
were excellent [2], with intraclass correlation coefficient
values of 0.97, 0.88, and 0.91 for ulnar variance, palmar tilt,
and radial inclination, respectively. After evaluating the re-
liability of the two raters’measurements, the mean values for
each parameter were used in further analyses.

Primary and Secondary Study Outcomes

Our primary study goal was to evaluate the usefulness of
our novel intraoperative referencing system on clinical
outcomes. To achieve this, we evaluatedMayo wrist scores
3 and 6 months after surgery and compared them with the
results of patients who underwent surgery with conven-
tional preoperative planning.

Our secondary study goal was to clarify the effect of our
novel intraoperative referencing system on radiological pa-
rameters. To achieve this, we assessed the loss of reduction
in terms of ulnar variance, palmar tilt, and radial inclination

Table 1. Proportion of patients before propensity matching

Fracture type

Intraoperative
referencing

group (n = 63)
Control group

(n = 108)

A2

Women 2 (1) 1 (1)

Men 0 (0) 0 (0)

A3

Women 19 (12) 15 (16)

Men 0 (0) 3 (3)

B3

Women 2 (1) 3 (3)

Men 2 (1) 1 (1)

C1

Women 2 (1) 0 (0)

Men 0 (0) 2 (2)

C2

Women 22 (14) 31 (34)

Men 8 (5) 9 (10)

C3

Women 24 (15) 26 (28)

Men 21 (13) 9 (10)

Data presented as % (n).

Table 2. Characteristics of included patients

Intraoperative
referencing

group (n = 39)
Control group

(n = 39) p value

Women 64 (25) 77 (30) 0.21

Age in years 65 6 14 66 6 12 0.44

AO classification 0.63

A3 15 (6) 13 (5)

B3 3 (1) 3 (1)

C2 49 (19) 56 (22)

C3 33 (13) 28 (11)

Data presented as % (n) or mean 6 SD.
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with the differences of the measurements between radio-
graphs taken at 3 months and 6 months after surgery and
radiographs taken at 1 week after surgery. We compared
these findings with the results of patients who underwent
surgery with conventional preoperative planning.

Ethical Approval

The study protocol was approved by the institutional re-
view board of TokyoMedical University (T2019-0178 and
T2022-0041) and was performed in accordance with the
ethical standards of the 1964 Declaration of Helsinki.
Informed consent for surgery and for using the medical
records was obtained from all patients included in the study
at the time of admission. For access to the medical record in
previous cases, the outline of research was published on the
hospital’s website to ensure that patients had the opportu-
nity to decline the use of their data for the study.

Statistical Analysis

Results are expressed as the mean6 SD. A loss of reduction
was defined as the difference between the values measured
1 week after surgery and those measured 3 and 6 months
after surgery. Each item was compared between the intra-
operative referencing and control groups using the Welch t-
test. Screw protrusions were also compared between groups
with the chi-square test. Differences were considered sig-
nificant when p values were less than 0.05. All statistical
analyses were performed using BellCurve for Excel version
2.12 (SSRI Co.) and SPSS 28 statistics (IBM Co.).

Results

Mayo Wrist Scores and Other Clinical Outcomes

Mayo wrist scores were no different between the intra-
operative referencing system and the control group at 3
months (716 7 versus 726 11, mean difference 1 [95%CI
-3.7 to 5.7]; p = 0.07) or at 6 months after surgery (766 6
versus 796 11, mean difference 3 [95%CI -3.5 to 7.9]; p =
0.12) (Fig. 2).

There were no differences in surgical duration or radiation
dose. Surgical durationwas 1056 35 and 946 25minutes in
the intraoperative referencing system and control groups, re-
spectively (p = 0.10). Radiation doses were 4.8 6 2.3 mGy
and 5.5 6 3.1 mGy in the intraoperative referencing system
and control groups, respectively (p = 0.33).

Three patients experienced nerve-related complications
(one patient developed carpal tunnel syndrome and two
patients had symptoms of median nerve palmar branch
injury) in each group. Two patients in the intraoperative
referencing system and three patients in the control group
had wrist pain, and two patients in the intraoperative ref-
erencing system and one patient in the control group had
symptoms related to wound scars. There were no between-
group differences in terms of the number of distal screws
protruding into the joint; there was one in the intraoperative
referencing system group (total number of distal screws:
276) and five in the control group (total number of distal
screws: 278; p = 0.10). Likewise, there were no between-
group differences in the number of distal screws protruding
into the dorsal extensor tendon compartment; there were 14
in the intraoperative referencing system group and 11 in the
control group (p = 0.52).

Fig. 1 The image fusion system is shown here. (A) Preoperative planning is done using a 3D digital preoperative planning
system. (B) Contours were extracted from the preoperative 3D planning. (C) Extracted contours were superimposed onto
intraoperative fluoroscopy images.
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Loss of Reduction

We found no advantage to using the intraoperative refer-
encing system in terms of loss of reduction in palmar tilt
(3 months after surgery: 1.5° 6 1.5° versus 1.5° 6 1.3°,
mean difference 0.0° [95% CI -0.6° to 0.6°]; p = 0.73,
6 months after surgery: 1.3° 6 1.0° versus 1.4° 6 1.4°,
mean difference 0.1° [95% CI -0.4° to 0.6°]; p = 0.71 for
the intraoperative referencing system and the control
group, respectively) or radial inclination (3 months after
surgery: 1.2° 6 0.8° versus 1.0° 6 0.8°, mean difference
0.2° [95% CI -0.2° to 0.5°]; p = 0.38, 6 months after sur-
gery: 1.2°6 1.2° versus 1.3°6 1.0°, mean difference 0.1°
[95% CI -0.4° to 0.6°]; p = 0.69 for the intraoperative
referencing system and the control group, respectively).
We found only a small advantage to the intraoperative
referencing system in terms of loss of reduction on ulnar
variance (3 months after surgery: 0.26 0.4 mm versus 0.6

6 0.7 mm, mean difference 0.4 mm [95% CI 0.15 to 0.69];
p = 0.003, 6 months after surgery: 0.46 0.6 mm versus 0.8
6 0.8 mm, mean difference 0.4 mm [95% CI 0.05 to 0.73];
p = 0.02 for the intraoperative referencing system and the
control group, respectively) (Fig. 3). This difference in
radial shortening was so small that it was not likely to have
been clinically important.

Discussion

Volar locking plate fixation has been widely used for distal
radius fractures since it was introduced in 2000 [12]. A
plate must be placed properly to provide sufficient sub-
chondral support [6, 8, 10]. Fragment-specific fixation is
considered important when a fracture is comminuted [7].
We previously demonstrated that the reproducibility of the
distance between the distal end of the volar locking plate

Fig. 3 In this graph, which shows the loss of reduction 3 and 6 months after surgery, the loss of ulnar variance was greater in
the control group. However, no differences were observed in radial inclination or palmar tilt between the groups; UV = ulnar
variance; RI = radial inclination; PT = palmar tilt.

Fig. 2 Mayowrist scores recorded at 3 and 6months after surgery show no differences
between the image fusion and control groups.
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and joint surface by our intraoperative referencing systemwas
high [19]. We believe that precise 3D preoperative planning
and intraoperative reference to the planning may enable sur-
geons to achieve better anatomic fracture reduction, leading
to a better chance of full functional restoration. We aimed to
assess whether our novel intraoperative referencing system
provides patient-perceived benefits. Our results suggest that
the system prevented postoperative radial shortening; how-
ever, we observed no differences in clinical outcomes be-
tween the intraoperative referencing and control groups.

Limitations

There are several study limitations that must be addressed.
Even though our novel intraoperative referencing system is
easy to use, a specific application needs to be installed on the
computer, which is an additional cost. Second, we did not
subanalyze the patients by gender. The results drawn from
the study may not be applied separately to men and women.
In addition, we included patients from a wide range of ages,
and the clinical results among these varying age groups may
differ. We did not have enough patients to evaluate this, so
we will work on it in the future. Third, since this is a retro-
spective study, we cannot completely exclude the possibility
of selection bias. For example, the patients in the control
group were enrolled earlier in the study period, whereas the
patients in the intraoperative referencing group were recently
treated cases. We could not avoid this selection bias because
our intraoperative referencing system had not launchedwhen
we started collecting patients. In addition, we used the AO
classification for the propensity matching. However, there
can be a wide range of displacement and damage among the
same AO fracture types. In the future, we need to take these
into consideration. Fourth, we have used only a single type of
volar locking plate system with the flexor carpi radialis ap-
proach. Our results may vary with different locking plate
systems or surgical approaches. Fifth, our novel intra-
operative referencing system is not yet commercially avail-
able. We are developing this program with a software
company (LEXI Co Ltd). Some modifications may be nec-
essary based on the results of this study. Finally, we believe
that a follow-up period of 6 months would be sufficient to
demonstrate a difference in treatment of distal radius frac-
tures, but a longer follow-up period may affect clinical out-
comes. We will continue to accumulate data for future
investigations.

Mayo Wrist Scores and Other Clinical Outcomes

There was no clinical benefit to using the intraoperative
referencing system as measured by the Mayo wrist score at
either 3 or 6 months after surgery. There were no

differences in operative duration, radiation dose, and the
complication rate. Therefore, this system currently is un-
likely to offer value to patients in terms of any endpoints
they are likely to perceive.

Loss of Reduction

We found no difference in loss of reduction in terms of
radial inclination or palmar tilt at 3 or 6 months, although
there was slightly less loss of reduction in ulnar variance for
the intraoperative referencing system group at both 3 and
6 months. This difference in ulnar variance was so small
that it did not result in any differences in clinical outcomes.

Other Relevant Findings

Appropriate subchondral support is important not only for
radial shortening but also for angular stability [6, 8, 10]. The
results we obtained in this studywere only amatter of several
millimeters; therefore, we do not know whether overall sta-
bility was higher in the intraoperative referencing group. The
present study included a wide variety of fractures. The results
may have differed if we had evaluated only comminuted
fractures, but this is speculative. Future studies might eval-
uate systems like ours in a study limited to comminuted
fractures. Greater stability, if it can be achieved, might allow
more aggressive postoperative rehabilitation.

Nerve-related complications, such as carpal tunnel syn-
drome after the osteosynthesis of distal radius fractures using
volar locking plates, may have been associated with improper
plate positioning [5, 15]. Carpal tunnel syndrome occurs in
between 2% and 9% of patients in this setting [5, 16], and in
this study, it occurred in 3% of both groups. Inappropriate
plate positioning has also been reported to cause intra-artic-
ular screw protrusion, especially with monoaxial volar lock-
ing plate systems [13]. In the present study, there was no
between-group difference in terms of the number of screws
protruding into the joint, but we were underpowered on that
endpoint. Future studies, perhaps multicenter collaborations,
would be needed to determine whether there is any advantage
to this system in terms of screw protrusion, and if there is,
whether it is large enough to justify the costs of the system.

Our intraoperative referencing system can be used as an
educational tool for young surgeons. It may help surgeons
predict how each fragment should be reduced based on pre-
operative planning and perform fragment-specific fixation.
For less-experienced surgeons, intraoperative referencing
systems like this one may facilitate teaching and learning
about fracture reduction and plate position.However, before it
can be widely adopted for this purpose, its benefits would
need to be validated in studies about surgical learning curves
and accuracy of plate and screw position.

Volume 00, Number 00 Novel Reference System for Distal Radius Fractures 7

Copyright © 2023 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 by B

hD
M

f5eP
H

K
bH

4T
T

Im
qenV

A
+

lpW
IIB

vonhQ
l60E

tgtdlLY
rLzS

P
u+

hU
apV

K
5dvm

s8 on 09/07/2023



Conclusion

We found no clinically important advantages from the use of
our novel intraoperative referencing system except a slight
improvement in ulnar variance. No differences were ob-
served in clinical outcomes, operative duration, or radiation
doses between the intraoperative referencing system and
control groups. We recommend against the use of this
intraoperative referencing system in everyday practice in its
current form. We now are modifying this system with 3D
tracking and 3D reconstructions of the fluoroscopic images,
and we plan to re-evaluate it after we have done so [14, 18].

Acknowledgment We thankDr. Yusuke Eda for his cooperation in the
study.

References

1. Andersson DD, Chubinskaya S, Guilak F, et al. Post-traumatic
osteoarthritis: improved understanding and opportunities for el-
derly intervention. J Orthop Res. 2011;29:802-809.

2. Bartko JJ. The intraclass correlation coefficient as a measure of
reliability. Psychol Rep. 1966;19:3-11.

3. Choplin RH, Boehme JM 2nd, Maynard CD. Picture archiving
and communication systems: an overview. Radiographics. 1992;
12:127-129.

4. Corsino BC, Reeves RA, Sieg RN. Distal Radius Fractures.
StatsPearls Publishing; 2023.

5. Cooke ME, Gu A, Wessel LE, Koo A, Osei DA, Fufa DT.
Incidence of carpal tunnel syndrome after distal radius fracture.
J Hand Surg Glob Online. 2022;4:324-327.

6. Drobetz H, Bryant AL, Pokorny T, et al. Volar fixed-angle
plating of distal radius extension fractures: influence of plate
position on secondary loss of reduction-a biomechanical study
in a cadaveric model. J Hand Surg Am. 2006;31:615-622.

7. Hozack BA, Tosti RJ. Fragment-specific fixation in distal radius
fractures. Curr Rev Musculoskelet Med. 2019;12:190-197.

8. Inagaki K, Kawasaki K. Distal radius fractures–design of locking
mechanism in plate system and recent surgical procedures.
J Orthop Sci. 2016;21:258-262.

9. Leixnering M, Rosenauer R, Pezzel C, et al. Indications, surgical
approach, reduction, and stabilization techniques of distal radius
fractures. Arch Orthop Trauma Surg. 2020;140;611-621.

10. Lee SK, Chun YS, Shin HM, Kim SM, Choy WS. Double-tiered
subchondral support fixation with optimal distal dorsal cortical
distance using a variable-angle volar locking-plate system for
distal radius fracture in the elderly. Orthop Traumatol Surg Res.
2018;104:883-891.

11. Lichtman DM, Bindra RR, Boyer MI, et al. Treatment of distal
radius fractures. J Am Acad Orthop Surg. 2010;18:180-189.

12. Orbay JL. The treatment of unstable distal radius fractures with
volar fixation. Hand Surg. 2000;5:103-112.

13. Piñal FD, Jupiter JB, Rozental T, et al. Distal radius fractures.
J Hand Surg Eur Vol. 2021;47:12-23.

14. Shrestha P, Xie C, Shishido H, Yoshii Y, Kitahara I. 3D re-
construction of wrist bones from C-arm fluoroscopy using planar
markers. Diagnostics (Basel). 2023;13:330.

15. Siegerman D, Lutsky K, Fletcher D, et al. Complications in the
management of distal radius fractures: how do we avoid them?
Curr Rev Musculoskelet Med. 2019;12:204-212.

16. Soong M, Ring D. Ulnar nerve palsy associated with fracture of
the distal radius. J Orthop Trauma. 2007;21:113-116.

17. Yoshii Y, Kusakabe T, Akita K, Tung WL, Ishii T.
Reproducibility of three dimensional digital preoperative plan-
ning for the osteosynthesis of distal radius fractures. J Orthop
Res. 2017;35:2646-2651.

18. Yoshii Y, Iwahashi Y, Sashida S, et al. An experimental study
of a 3D bone position estimation system based on fluoroscopic
images. Diagnostics (Basel). 2022;12:2237.

19. Yoshii Y, Totoki Y, Sashida S, Sakai S, Ishii T. Utility of an
image fusion system for 3D preoperative planning and fluoros-
copy in the osteosynthesis of distal radius fractures. J Orthop
Surg Res. 2019;14:342.

8 Kohyama et al. Clinical Orthopaedics and Related Research®

Copyright © 2023 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 by B

hD
M

f5eP
H

K
bH

4T
T

Im
qenV

A
+

lpW
IIB

vonhQ
l60E

tgtdlLY
rLzS

P
u+

hU
apV

K
5dvm

s8 on 09/07/2023



Acute Med Surg. 2023;10:e878.	﻿	     |  1 of 4
https://doi.org/10.1002/ams2.878

wileyonlinelibrary.com/journal/ams2

I N TRODUC TION

An overdose of calcium channel blockers (CCBs) can cause 
life-threatening hypotension, for which vasopressors might 
not be effective. Here, we present a case of drug-refractory 
hypotension caused by a massive overdose of CCBs and 
angiotensin II receptor blockers (ARBs). The patient was 
successfully managed with venoarterial extracorporeal 
membrane oxygenation (VA-ECMO).

CASE PR E SE N TATION

A 46-year-old man was brought to our emergency depart-
ment with general malaise 14 h after ingesting 1210 mg 

amlodipine besylate (amlodipine) and 936 mg candesartan 
cilexetil (candesartan) in a suicide attempt. He had a history 
of hypertension, but no known history of mental illness. 
Upon arrival at the emergency department, his vital signs 
were as follows: Glasgow Coma Scale score, 13 (E3V4M6); 
blood pressure, 60/39 mmHg; heart rate, 95 b.p.m. (sinus 
rhythm); respiratory rate, 30 breaths/min; and blood oxy-
gen saturation, 93% on a reservoir oxygen mask at 10 L/
min. Blood tests revealed elevated lactate concentration and 
metabolic acidosis (Table 1). The 12-lead electrocardiogram 
findings were as follows: heart rate, 91 b.p.m.; normal sinus 
rhythm; right bundle branch block; and no QTc prolonga-
tion. The transthoracic echocardiogram findings were as 
follows: visually estimated ejection fraction, 20%; no asyn-
ergy; and no valvular disease.
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Abstract
Background: Calcium channel blockers and angiotensin II receptor blockers are 
commonly prescribed to treat hypertension. Massive overdoses can cause both 
distributive and cardiogenic shock because of their effects on vascular smooth 
muscles and severe myocardial depression.
Case Presentation: We present the case of a 46-year-old man who was brought to our 
emergency department after ingesting 1210 mg amlodipine and 936 mg candesartan. 
The patient's hemodynamic status deteriorated despite treatment with vasopressors, 
calcium gluconate, and hyperinsulinemia-euglycemia therapy with mechanical 
ventilation. Venoarterial extracorporeal membrane oxygenation was initiated for 
refractory shock. The patient was weaned off extracorporeal membrane oxygenation 
on day 5 and discharged on day 18 of hospitalization.
Conclusion: When medical therapies are ineffective, aggressive venoarterial 
extracorporeal membrane oxygenation should be considered for the management 
of refractory shock in the setting of calcium channel blocker with angiotensin II 
receptor blocker overdose.
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Based on the patient's medical history, we suspected acute 
amlodipine and candesartan intoxication that led to shock. 
However, despite our attempts to improve his condition with 
fluid resuscitation and the administration of high-dose nor-
adrenaline and vasopressin, there was no improvement in the 
patient's blood pressure or lactic acidosis. To maintain the 
patient's blood calcium levels, we administered calcium glu-
conate and regularly monitored the levels using arterial blood 
gas tests. Hyperinsulinemia-euglycemia therapy was initiated 
at a rate of 0.5 U/kg/h, without a bolus to avoid hypoglycemia 
and hypokalemia. Additionally, we administered lipid emul-
sion and glucagon. Unfortunately, the patient's vital signs, 
ejection fraction, and left ventricular outflow tract velocity 
time integral showed no improvement. We considered using 
methylene blue, but it was unavailable at our hospital.

In addition to distributive shock, we suspected impaired 
cardiac function contributing to the catecholamine-refractory 
hypotension, suggesting cardiogenic shock. Consequently, we 
decided to intubate the patient and initiate VA-ECMO ap-
proximately 4 h after arrival. Following the initiation of VA-
ECMO, we observed a gradual improvement in blood lactate 
concentration and metabolic acidosis, and we simplified our 
management approach by discontinuing hyperinsulinemia-
euglycemia therapy, lipid emulsion, and glucagon.

Despite the improvement observed with VA-ECMO, the 
patient still required catecholamines for several days to 
maintain mean arterial pressure, indicating persisting re-
fractory distributive shock. Over time, the patient's require-
ment for catecholamines decreased, and cardiac function 

gradually improved, ultimately leading to successful wean-
ing from VA-ECMO on day 5 of hospitalization. Although 
the patient experienced renal failure due to the intoxica-
tion, renal replacement therapy was not deemed necessary. 
Finally, the patient was extubated on day 9 and discharged 
on day 18 without experiencing any complications related 
to VA-ECMO. Blood levels of amlodipine and candesartan 
were determined. The maximum blood concentrations of 
amlodipine and candesartan were 536.9 and 8.1 mg/mL, re-
spectively, on day 1 (Figure 1).

DISCUSSION

We encountered a patient with hypotension refractory to 
drug therapy, due to the co-ingestion of massive doses of 
amlodipine and candesartan, in whom VA-ECMO played a 
life-saving role.

Amlodipine is a CCB belonging to the class of dihydro-
pyridines that exerts antihypertensive effects by acting on 
vascular smooth muscles. It is characterized by a long du-
ration of action, taking 7.6 ± 1.8 h to reach maximum blood 
concentration, and has an elimination half-life of 34 ± 5 h.1 
Dihydropyridines are highly selective for vascular smooth 
muscles; however, when administered excessively, they may 
lose their selectivity and act on the myocardium, resulting 
in a negative inotropic effect.2 In addition, the extent of am-
lodipine's antihypertensive effects is based on its serum con-
centrations.3 Fatal cases have been reported at doses of 70 mg 

T A B L E  1   Laboratory findings on day 1 of hospitalization of a 46-year-old man with intoxication with massive doses of amlodipine and candesartan

Hematology Coagulation

WBC 18,100/μL (3,500–8,500) PT-INR 0.98 (0.9–1.1)

RBC 490 × 10/μL (430–570) APTT 25.9 s (28.0–42.0)

Hb 14.7 g/dL (11.5–15.0) Fbg 575 mg/dL (150–400)

Plt 27.0 × 104/μL (15.0–35.0) D-dimer 0.8 μg/mL (<1.0)

Biochemistry Arterial blood gas (Oxygen 10 L/min)

T-Bil 0.7 mg/dL (0.3–1.2) pH 7.299 (7.35–7.45)

AST 32 U/L (10–40) pCO2 31.6 mmHg (35–45)

ALT 48 U/L (5–40) pO2 98.6 mmHg (80–100)

γ-GTP 55 U/L (15.0–35.0) HCO3
− 15.2 mmol/L (20–26)

BUN 92.6 mg/dL (8–22) BE −9.9 mmol/L (−3 to 3)

Cre 2.60 mg/dL (0.47–0.79) Na 139 mEq/L (135–148)

CK 80 U/L (62–287) K 4.0 mEq/L (3.5–5.3)

CRP 0.05 mg/dL (<0.3) Cl 103 mEq/L (98–106)

Na 138 mmol/L (138–145) Ca 1.24 mmol/L (1.13–1.32)

K 4.1 mmol/L (3.6–4.8) AnGap 25 mmol/L (10–18)

Cl 106 mmol/L (101–108) Glucose 238 mg/dL (70–110)

Ca 9.9 mg/dL (8.8–10.1) Lactate 7.8 mmol/L (0.5–2.0)

Note: Normal range of values shown in parentheses.
Abbreviations: ALT, alanine transaminase; AnGap, anion gap; APTT, activated partial thromboplastin clotting time; AST, aspartate aminotransferase; BE, base excess; 
BUN, blood urea nitrogen; Ca, calcium; CK, creatine kinase; Cl, chloride; Cre, creatinine; CRP, C-reactive protein; Fbg, fibrinogen; Hb, hemoglobin; HCO3

−, bicarbonate; K, 
potassium; Na, sodium; pCO2, partial pressure of carbon dioxide; Plt, platelet; pO2, partial pressure of oxygen; PT-INR, prothrombin time international normalized ratio; 
RBC, red blood cell; T-Bil, total bilirubin; WBC, white blood cell; γ-GTP, gamma-glutamyl transferase.
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and serum drug concentrations of 185 μg/L.4 In this case, the 
serum drug concentration (536.9 μg/L) was extremely high 
compared to that in previous reports. Therefore, the pa-
tient may have experienced both cardiogenic and distribu-
tive shock. Worldwide, cases of survival and discharge after 
oral ingestion of doses exceeding 1000 mg are extremely 
rare,5 and a PubMed search found no case report in the past 
30 years of a patient discharged alive after taking more than 
1200 mg amlodipine. Therefore, to the best of our knowl-
edge, the oral dose of amlodipine (1250 mg) ingested by our 
patient is the highest among all reported survival cases.

Angiotensin II receptor blockers inhibit vasoconstriction 
and reduce peripheral vascular resistance and blood pres-
sure by directly blocking the angiotensin II type 1 receptor, 
the primary target of angiotensin II. Symptoms of ARB in-
toxication include hypotension, nausea/vomiting, dizziness, 
fatigue, and somnolence. Severe symptoms are uncommon, 
and according to a case series of 206 ARB overdoses, only 
one pediatric patient required intravenous fluids for treat-
ment.6 Moreover, long-term use of ARBs can lead to de-
creased sensitivity to hormones that regulate blood pressure, 
resulting in catecholamine-refractory hypotension.7

In addition, regarding the interaction between CCBs and 
ARBs, the vasodilating effect of CCBs is compensated for by 
the activity of the renin-angiotensin system, but suppression 
of this compensatory effect by ARBs contributes to severe 
hypotension.8 Indeed, as previously reported by Huang 

et al.8 the combined overdose of dihydropyridines and ARBs 
resulted in more severe hypotension and required greater 
hemodynamic support compared with overdosing on dihy-
dropyridines alone.

The treatment of acute poisoning with amlodipine is based 
on systemic management, including airway, respiratory, and 
circulatory control. There are several specific treatment 
methods to cope with distributive shock due to vasodilation, 
such as calcium and glucagon administration, high-dose 
insulin therapy, and lipid emulsion therapy. However, as in 
this case, if the patient develops refractory shock, VA-ECMO 
has the potential to improve the patient's hemodynamic and 
metabolic status. In 2021, Upchurch et al.9 recommended 
the consideration of VA-ECMO in the absence of contrain-
dications for all patients with acute poisoning and refractory 
cardiogenic shock. In fact, the use of VA-ECMO for treating 
drug intoxication, including several cases of amlodipine in-
toxication, has increased in recent years.9

Similar to drug-induced refractory shock, septic shock 
causes a condition that can result in simultaneous cardio-
genic and distributive shock. In recent years, VA-ECMO 
has been found to be effective for distributive shock. Falk 
et al.10 reported that VA-ECMO may be beneficial for both 
the hospital and long-term survival of patients with distrib-
utive septic shock. They argued that VA-ECMO supports the 
failing heart but does not directly impact other parts causing 
hypotension; however, improving tissue oxygenation may 

F I G U R E  1   Blood concentrations of amlodipine and candesartan during the clinical course of a 46-year-old man with intoxication with massive 
doses of amlodipine and candesartan. dBP, diastolic blood pressure; ECMO, extracorporeal membrane oxygenation; Lac, lactate; sBP, systolic blood 
pressure.
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play a role in stabilizing circulation and limiting the negative 
impact of generalized poor oxygenation.

Consequently, the active management of patients with 
drug-refractory hypotension using VA-ECMO appears to be 
a reasonable strategy.

CONCLUSION

Venoarterial extracorporeal membrane oxygenation can be 
used in patients with severe cardiogenic and distributive 
shock caused by massive overdoses of CCBs and ARBs.
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上腕骨遠位端骨折に対するA.L.P.S.ElbowPlatingSystem（以下ALPSplate）の治療成績について，
6か月以上経過観察可能だった19例を対象に検討した．平均年齢は66.7歳．全例肘関節後方より展
開し，C2・C3の4例で肘頭骨切りを行い，それ以外は上腕三頭筋内外側からアプローチした．固定
方法に関しては，後外側プレートと内側CCSで固定した症例が5例，後外側プレートと内側プレー
トが14例であった．遠位スクリューは後外側プレートより平均2.4本，内側プレートより平均2.0本
刺入されていた．平均観察期間は11.8か月で，全例で骨癒合が得られた．平均可動域は伸展-12.5°屈
曲124°，MEPSは平均94.7点であった．合併症としては尺骨神経障害3例，橈骨神経障害1例，内側
プレートの違和感を５例に認め抜釘を行った．高齢者の症例を含めて，良好な臨床成績を得た．

小川 健 1 岩渕 翔2,3 井汲 彰2

1独立行政法人国立病院機構水戸医療センター 整形外科
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TheoutcomesoftreatmentfordistalhumerusfractureusingA.L.P.S.ElbowPlatingSystemTM

TakeshiOgawa1 ShoIwabuchi2,3 AkiraIkumi2
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【緒 言】

成人上腕骨遠位端骨折は，その整復固定が難しい事

やその高い合併症率のため，治療に難渋する事が多い

が，各種アナトミカルロッキングプレートが導入され

て以降，観血的整復内固定術の良好な初期固定性が期

待できるようになった 1-3）．一方で，様々な体格や骨

形態に対応するには，アナトミカルプレートといえど

も難しい症例を経験する．個々の解剖学的構造に

あった形状を細部まで兼ね備えたプレートシステム

の開発が望まれ，またそれにより高い合併症率の軽減

にも寄与する可能性がある．我々は上腕骨遠位端骨

折 に 対 しA.L.P.S.ElbowPlatingSystemTM（Zimmer
Biomet,東京）（以下，ALPSplate）を使用し，その優
れた操作性を実感した 4-7）．今回，その術後治療成績

と合併症や問題点について検討し報告する．

【対象および方法】

当院にて上腕骨遠位端骨折に対してALPSplateを
使用して骨接合を行い，6か月以上経過観察可能だっ
た19例を対象とした．性別は男性3例女性16例で，
平均年齢は66.7（16～91）歳であった．骨折型は
AO/OTA分類A2：9例，C1：6例，C2：2例，C3：2
例であった（図1）．全例肘関節後方より展開し，C2・
C3の4例は肘頭骨切りを行い，それ以外は上腕三頭筋
内外側からアプローチした．1例は肘関節の脱臼を認
めたため，一時的創外固定後に二期的に手術を行った．

固定方法に関しては，後外側プレートと内側CCSで固
定した症例が5例，後外側プレートと内側プレートで
固定した症例が14例であった（図2）．後療法は2～

3週の外固定を行ったが，作業療法士の監視下に術翌
日より自動運動を開始した．単純X線にて遠位スク
リューの本数，骨癒合の有無を調査し，臨床評価とし

てMayoElbowPerformanceScore（以下MEPS）を用
いた．抜釘の有無と術後の合併症についても調査し

た．

＊2023年3月19日受付，2023年11月13日受理

図1．AO/OTA分類と手術方法

全例後方アプローチとし，A2，C1の症例は上腕三頭筋の
内外側から，C2,C3の症例は肘頭骨切りアプローチで行った．
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【結 果】

遠位スクリューは後外側プレートより平均2.4（2～
4）本，内側プレートより平均1.9（1～3）本刺入され
ていた（図3）．平均観察期間は11.8（6～20）か月，
全例で矯正損失なく骨癒合が得られた．平均可動域は

伸展-12.5°（-45〜5），屈曲124.1°（110～140），MEPS
は平均94.7（80～100）点であった．合併症としては
尺骨神経障害3例，橈骨神経障害1例，肘頭骨切り部
のTensionbandwiring固定部の術後感染が1例であった．
内側プレートを使用した3例でプレートの違和感を訴
え，内2例は抜釘を行い改善した．抜釘は，この2例
に加え，16歳と18歳の2症例，計4例で行った．

図3．遠位Screwの本数

後外側プレートは平均2.4本で最低でも2本，内側プレー
トは平均1.9本で最低でも1本のスクリューが刺入され
ていた．

図２

a.後外側プレート＋CCS b.後外側+内側プレート

図4．症例1：受傷時

58歳女性．風呂場で滑って転倒し，上腕骨遠位端骨折（C2.1）を認めた．

【症例供覧】

症例1．58歳女性，風呂場で滑って転倒し，AO/OTA
分類C2.1の左上腕骨遠位端骨折を認めた（図4）．肘頭
骨切りで進入し，後外側と内側プレートで固定し，

Lockingscrewはそれぞれ遠位骨片に3本ずつ刺入し得
た（図5）．術後1年，左肘可動域は，伸展-15度，屈
曲130度で軽度の伸展制限を認めるが，MEPSは95点
と良好であった（図6）．

a.単純X線正面像 b.単純X線側面像 c.3DCT（後方視） d.3DCT（前方視）
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症例2．18歳男性，少林寺拳法の練習中に転倒し，左
肘を受傷した．AO/OTA分類C1.3の上腕骨遠位端骨折
を認め，滑車骨片が脱臼した状態であった（図7）．受
傷翌日に後外側と内側のALPSplateを用いて手術を
行った．遠位骨片へのLockingscrewは後外側に3本と
内側に2本刺入できた（図8）．術後に橈骨神経の不全

麻痺を呈したが，数日で自然回復した．左肘可動域は

術後6ヶ月で，伸展0度，屈曲140度であり，MEPS
は100点であった．痩せ型の体型ということもあり，
プレートの違和感が強く，術後７ヶ月で抜釘を行った

（図9）．

図5．症例1：術直後

肘頭骨切りアプローチで行い，後外側と内外側プレートで

固定．それぞれ遠位骨片に3本ずつ刺入し得た．

a.単純X線正面像

b.単純X線側面像

図6．症例1：術後1年

伸展15度，屈曲130度で軽度の伸展制限を認めるが、

MEPSは95点と良好であった．

a.単純X線正面像

b.単純X線側面像

図7．症例2：受傷時

AOC1.3で，滑車骨片が脱臼した状態

a.単純X線正面像 b.単純X線側面像 c.3DCT（内方視） d.3DCT（後方視）
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【考 察】

上腕骨遠位端骨折において，内固定の核となる外側

顆の固定は，非常に重要である．本研究では，全例後

外側プレートを使用し，遠位骨片に最低2本，平均2.4
本のScrewを刺入できていた．本プレートは単軸性
ロッキングプレートだが，Insitubendingによりプレー
トをおさえながら方向を調整できるため 4-7），多くのス

クリューで固定できた．また，遠位骨幹部にプレート

をスクリュー固定した後でも，顆部スクリューの方向

を調整できる．本研究でのスクリューの逸脱は2例2
本のみであり，いずれも肘頭窩へのわずかな突出で

あった．特に固定性が不安視され，組織の脆弱性が懸

念される高齢者の上腕骨通顆骨折でも，多軸性ロッキ

ングプレートと同様に至適位置により長いスクリュー

を挿入でき，十分な固定性を得ることができる．実際

に，後外側・内側プレートともに平均2本以上のスク
リューが刺入できていた．結果的に高齢者の症例を含

めて骨癒合が得られ，良好な臨床成績を得たと考えら

れた．A.L.P.SPlatingsystemを用いた過去の報告と比
較しても我々の術後臨床成績は同等の結果と考えられ

た（表1）．骨折型に差があるため単純比較はできない
が，特に高田らの報告では全例AO/OTA分類typeCに

対して使用しており 7），多彩な骨折型を有する上腕骨

遠位端骨折において，様々な状況に対応可能なプレー

トシステムであると考えられる．

一方で自験例では尺骨神経障害を3例（15%）に認
めており，本プレートにおいても過去の報告同様に注

意を要する問題点と言える．自験例の3例を検討する
と，C1が1例，A2が2例であり，全例前方移行は行っ
ていなかった．内側プレート2例とスクリュー固定が
1例であり，プレートのみの問題ではない可能性もあ
る．今谷ら，森谷らは最小侵襲尺骨神経移動法を考案

し 8-10），その有用性が期待される．自験例では，最小侵

襲尺骨神経移動法を行っていないが，尺骨神経の手術

中の愛護的な操作と前方移行が術後障害の予防には大

事であると考えられた．

また，症例2で起こった術後の橈骨神経障害は大き
く転位した骨片による圧迫やその整復固定操作で一過

性に生じたものと考えられるが，スクリューが干渉し

たために生じた医原性橈骨神経障害の報告もある．柳

橋らは，内側プレートの設置位置が後方になると，ド

リリング操作で橈骨神経を損傷する可能性があるため，

手術手技の細部にまで注意する必要があると述べてい

る 11）．

図8．症例2：術後2週

a.単純X線正面像 b.単純X線側面像

図9．症例2：術後7ヶ月の抜釘後

a.単純X線正面像 b.単純X線側面像

表1．ALPSPlateの使用経験に関する報告
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本研究の限界としては，比較対象研究ではないこと

が挙げられる．しかし，手術合併症はALPSplate特有
のものではないこと，適切な手技で手術を行えばプ

レートの種類によらず，骨癒合が得られること 1-3）等よ

り，プレートの機種による優劣はつけ難い．よって，

その操作性・固定力を総合的に評価し，機種を選択する

訳であるが，ALPSplateはどの骨折型に対しても対応
可能であるという点において常に念頭に置くことので

きるプレートと言える．

【結 語】

上腕骨遠位端骨折に対するA.L.P.SPlatingsystemの
治療成績は良好であった．Insitubendingは皮膚障害の
低減以外にも，固定性においても有用であった．

この論文は35回日本肘関節学会で発表した．
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編集後記 
 
2023 年度（令和 5 年度）の水戸医療センター研究業績集をお届けします。当

院の臨床研究部は 2008 年に設置されたので、16 年目の業績集となります。国

立病院機構（NHO；National Hospital Organization）の病院では、臨床研究部

の設置を本部に認めてもらうためには、一定レベルの臨床研究活動実績が必要

です。具体的には治験、製造販売後臨床試験、NHO 共同研究、製造販売後調査、

競争的研究費、論文発表、学会発表などが研究業績となります。それぞれの研究

業績には決められたポイントが付与され、それらを合計した研究ポイントで評

価されます。水戸医療センターは 2023 年度（2023 年度が最新データです）の

研究ポイントが 635.9 ポイント（2022 年度 692.4 ポイント、2021 年度 790.5 ポ

イント）でした。臨床研究センターや臨床研究部（院内標榜含む）のある NHO130
病院中、29 位（2022 年度 26 位，2021 年度 27 位）でした。ポイントも順位も

下がっているのが残念ですが、頑張っている人は変わらず頑張っているので、研

究の裾野を広げることが大切だと感じます。 
ポイントの内訳は 1 位、英文論文 198.4 ポイント、2 位、治験新規 185.0 ポ

イント、3 位、学会発表 109.0 ポイント、4 位、製販後調査公費試験 107.8 ポイ

ント、5 位、競争的資金 14.4 ポイントです。特に治験のポイントは NHO 全病

院中 13 位であり、当院の稼ぎ頭です。受託研究実績金額も右肩上がりで、昨年

度は 1 億円を突破しました。ポイント獲得領域のトップ 3 は 1 位、心脳大血管

161.6 ポイント、2 位、骨・運動器疾患 77.5 ポイント、3 位、消化器疾患 44.6
ポイント（2022 年度は 1 位、骨・運動器疾患、2 位、泌尿器疾患、3 位、血液

疾患・血液がん、2021 年度は 1 位、血液疾患・血液がん、2 位、消化器疾患、

3 位、骨・運動器疾患）でした。発表関連の業績は英文論文 32 編、和文論文 9
編、国際学会発表 4 件、国内学会 101 件でした。当院職員が筆頭著者の英文原

著論文は 1 編（栗原秀輔医師）、英文レター1 編（堤悠介医師）でした。  
今後も職員の研究活動が円滑に進むよう、臨床研究部の活動を継続します。 
 

臨床研究部長 福永 潔 
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