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Objective: The aim of this study was to analyze the risk factors contributing to the misdiagnosis of
perilunate injuries.
Methods: The study included patients who had perilunate dislocation or fracture dislocation correctly or
incorrectly diagnosed on initial examination between 2008 and 2014. Data related to the length of time
until correct diagnosis of the perilunate injury; cause of injury; presence of associated fractures, poly-
trauma or concomitant trauma in the ipsilateral upper extremity; time between injury and first presen-
tation; first treatment applied; presence of ligamentous perilunar injuries only or fracture and dislocation;
inadequate radiographic assessment; and experience of the physicians were recorded and analyzed.
Results: A total of 44 wrists were included in the study. Of those, 10 (22.7%) wrists (mean patient age: 44.4
years [28 ± 58 years]) with perilunate injuries were misdiagnosed in the initial evaluation. All of the risk
factors were found to be similar between the group of patients with correct initial diagnosis and missed
diagnosis group, except for the experience of the orthopedic surgeon assessing the injury (p¼ 0.0001). Of the
surgeons who missed the diagnosis, 70% reported that it was their first encounter with a perilunate injury.
Conclusion: The results of this study indicated that lack of experience was the most important factor in
the misdiagnosis of perilunate fracture dislocation or isolated dislocation. Level of Evidence: Level IV,
diagnostic study.
© 2017 Turkish Association of Orthopaedics and Traumatology. Publishing services by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Perilunate dislocation is an uncommon injury of the carpus
most commonly seen in young males. This injury usually results
from high-energy trauma, such as a motor vehicle accident, a fall
from a height, or a sports-related injury that causes forceful wrist
hyperextension, ulnar deviation, and intercarpal supination.1e4 In
addition, a less known and probably less common reverse per-
ilunate instability resulting from hyperextension, ulnar deviation,
andmidcarpal pronationmechanism has also been described in the
literature.5,6

A patient with perilunate dislocation may be misdiagnosed by a
medical professional, which will lead to delay in treatment. Early
diagnosis is important due to the progression of carpal instability,
k).
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and traumatic arthritis may result from delayed treatment.
Recognition of perilunate injury patterns may be difficult for the
untrained eye.1,3 In the literature, it has been reported that the
diagnosis was missed at the time of initial evaluation in 14.8%e25%
of patients.2,7 Variations in the pattern of perilunate injuries can
occur with associated fractures of carpal bones, resulting in per-
ilunate fracture dislocations. Areas of potential fracture include the
distal radius, scaphoid, trapezium, capitate, hamate and trique-
trum, all aligned along a larger arc encircling the lunate.8 Despite
the usual involvement of high-energy trauma and the severity of
the carpal injury, initial diagnosis of perilunate injuries may be
delayed.2,9 Inadequate radiographs or improper radiographic
technique can also lead to misdiagnosis.10

Studies analyzing misdiagnosed perilunate dislocations are
somewhat limited. The main reason for investigating medical er-
rors is to try to prevent them. Therefore, this study was conducted
to investigate characteristics of cases with misdiagnosed perilunate
injuries and the risk factors for misdiagnosis.
rvices by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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Patients and methods

The current study consisted of a retrospective analysis of wrists
with diagnosed and misdiagnosed perilunate dislocation or frac-
ture dislocation (Mayfield stage 3/4) on initial examination at the
clinic between 2008 and 2014. Approval for the study was granted
by the Local ethics committee.

The study comprised 44 wrists (42 patients) with perilunate
dislocation or fracture dislocation. A total of 10 (22.7%) wrists were
misdiagnosed on initial examination by an orthopedic surgeon.

All patients who were misdiagnosed were treated with cast or
splint immobilization in the orthopedic emergency department
before obtaining correct diagnosis. After initial medical assessment
and treatment, the patients presented to outpatient clinics for
follow-up evaluation, where they were examined either by the
same or another physician (Figs. 1 and 2.). All of the patients with
misdiagnosis received the correct diagnosis in follow-up clinic ex-
amination with new radiographs reviewed by another orthopedic
surgeon in the department (Table 2). These patients were correctly
diagnosed at mean of 31.7 ± 32.2 days after injury.

Patient data were collected retrospectively from the electronic
medical record system at Kartal Dr. Lütfi Kırdar Research and Ed-
ucation Hospital. Specific International Classification of Diseases
10th Revision codes were used for data collection: S63.03, sub-
luxation and dislocation of midcarpal joint; S63.09, other sublux-
ation and dislocation of the wrist and hand; S62.001A, unspecified
fracture of navicular (scaphoid) bone of the right wrist, initial
encounter for closed fracture; and S62.002A, unspecified fracture of
navicular (scaphoid) bone of the left wrist, initial encounter for
closed fracture.

An assessment form was prepared by the authors. The items
documented were the length of time until diagnosis of the per-
ilunate dislocation, cause of injury, associated fracture(s), presence
of polytrauma or concomitant trauma in the ipsilateral upper ex-
tremity, time of first presentation, first treatment applied, presence
of ligamentous perilunar injuries only or fracture dislocation,
inadequate radiographic assessment, the experience of the physi-
cians, and time between injury and hospital presentation.

The initial radiographs were reviewed by the authors for the
purpose of this study. Associated fractures and injuries were noted.
In cases where radiographs were inadequate or missing, the case
was classified by the researchers as inadequate radiographic
evaluation.

If the orthopedic surgeons had no previous encounter with a
lunate injury in clinical practice, they were classified as inexperi-
enced, whereas previous observation and diagnosis was classified
as experienced.
Fig. 1. A 28-year-old male with left transradial volar lunate fracture dislocation. Initial dia
The injuries were classified as stage I (the relationship of the
lunate to the radius is normal), stage IIa (lunate is displaced to the
palmar side with rotation of lunate of less than 90�) and stage IIb
(rotation of the lunate of more than 90�) according to the Herzberg
radiological classification.2

As a result of other medical conditions or contraindication for
early surgical treatment, closed reduction and cast immobilization
were applied to 4 wrists as definitive treatment. A total of 40 wrists
(38 patients) were operated on under general or regional anes-
thesia with a tourniquet. Fractures and dislocations were reduced
using open reduction. Volar or dorsal or combined volar and dorsal
approaches were used as required. The dorsal approach was per-
formed routinely unless there was an irreducible volar lunate
dislocation. The treatment costs of the patients were covered by
their health insurance.

Statistical analysis was performed using SPSS for Windows,
Version 16.0 (SPSS Inc., Chicago, IL, USA) statistical software. The
data obtained were analyzed using descriptive statistical methods
at a 95% confidence interval and at 0.05 significance level to
determine mean, percentage distribution, and standard deviation.
The Fisher's exact test, Chi-square test, and ManneWhitney U test
were used to compare groups.

Results

Among the evaluations of 27 orthopedic surgeons, 10 wrists
were initially misdiagnosed. The mean age of the patients was
35.5 ± 11.3 years (range: 20e60 years) in the correctly diagnosed
group and 44.4 ± 10.4 years (range: 28e58 years) in the undi-
agnosed group. No statistically significant difference was deter-
mined with respect to age (p ¼ 0.056). With the exception of
patients with polytrauma, all other patients were treated
immediately following the correct diagnosis. The time from
trauma to surgery was 9.07 ± 9.4 days (range: 0e47 days) in the
diagnosed group and 34.2 ± 36.2 days (range: 3e120 days) in the
initially misdiagnosed group. The difference between the 2
groups was statistically significant (p ¼ 0.023). The mean length
of hospital stay was 14.9 ± 22.9 days (range: 2e86 days) in the
diagnosed group and 5.9 ± 5.1 days (range: 3e20 days) in the
undiagnosed group. Among the patients with correct immediate
diagnosis, 18 right wrists and 16 left wrists were injured, and in
the group correctly diagnosed with perilunate injury later, 1 right
wrist and 9 left wrists were injured. None of the patients in the
late diagnosis group had bilateral injury or concomitant trauma
in the ipsilateral extremity. Two patients with bilateral injury
were correctly diagnosed on admission by an experienced
surgeon.
gnosis was radius styloid fracture and treatment was short arm cast immobilization.



Fig. 2. A 35-year-old male with right transscaphoid dorsal perilunate fracture dislocation. Initial diagnosis was scaphoid fracture and treatment was thumb spica cast
immobilization.
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In a comparison of the cause of injury, associated fractures,
polytrauma, injury type, radiographical assessment and Herzberg
classification, there were no significant differences between
groups. There was also no statistically significant difference in the
time until hospital presentation (Table 1).

The number of missed diagnoses was significantly different
when assessed according to the experience of the orthopedic sur-
geon (Table 1).

Missing an abnormality on the radiograph was the primary
reason for 90% of incorrect diagnoses; in 70% of wrists, fracture was
diagnosed but perilunate injury was missed (Table 2). In the group
that was initially misdiagnosed, 70% of the orthopedic surgeons
who performed the examination were inexperienced (Table 3).
Table 1
Clinical characteristics of the patients.

Factors

Time until correct diagnosis (days) Perilunate injury
Cause of injury Fall from a height (wr*)

Fall from a height
Fall
Motor vehicle accident
Crushed or trapped between objects

Associated fracture(s) Scaphoid
Radius styloid
Lunate
Triquetrum
Ulna styloid

Polytrauma Head trauma, internal organ injury,
or other fracture (pelvis, vertebra, etc.

Concomitant trauma in
ipsilateral extremity

Elbow dislocation
Radial head dislocation
Ulna and humerus shaft fracture
2nd metacarpal base fracture

Initial treatment Cast immobilization
Brace
Surgical treatment

Injury type Pure ligamentous injury
Fracture dislocation

Radiographic assessment Correct
Inadequate

Experience of the orthopedic surgeon Experienced
Inexperienced

Time of presentation Day shift (8:00 ame8:00 pm)
Night shift (8:00 pme8:00 am)

Herzberg classification I
IIa
IIb

wr*: work-related. **p < 0.05, ManneWhitney U test, ***p < 0.05, Fisher’s Exact test.
Discussion

Perilunate dislocation and fracture dislocation are relatively
uncommon injuries of the carpus, and early diagnosis of these in-
juries is important for successful surgical treatment and functional
outcomes.11e15

The results of the current study demonstrated that 10 (22.7%) of
44 wrists in 42 patients were not correctly diagnosed in the initial
assessment. This result was similar to Herzberg's.2 The length of
time from trauma to surgery was longer, and 70% of the orthopedic
surgeons were inexperienced in misdiagnosed group. Missing an
abnormality on the radiograph was the primary reason for most
cases of incorrect diagnosis.
Diagnosed
wrists
(n ¼ 34)

Missed diagnosis
wrists (n ¼ 10)

p value

5.7 ± 2.3 31.7 ± 32.2 0.029**
9 (26.5) 4 (40)
12 (35.2) 1 (10)
4 (11.7) 3 (30) 0.760
6 (17.6) 2 (20)
3 (8.8)
16 (47.1) 2 (20) 0.147
14 (41.1) 5 (50) 0.720
1 (2.9) e 0.572
7 (20.5) 2 (20) 0.930
6 (17.6) 3 (30) 0.449

)
7 (21.9) 1 (10) 0.445

1 (2.9)
1 (2.9) e No statistics computed
1 (2.9)
1 (2.9)
3 (8.8) 7 (70) No statistics computed
1 (2.9) 3 (30)
30 (88.2) e

4 (11.7) 3 (30) 0.423
30 (88.2) 7 (70)
32 (94.1) 8 (80) 0.236
2 (5.8) 2 (20)
34 (100) 4 (40) 0.000***
e 6 (60)
24 (70) 3 (30) 0.062
10 (29) 7 (70)
10 (29.4) 3 (30)
14 (41.1) 4 (40) 0.993
10 (29.4) 3 (30)



Table 2
Experience of the physicians who missed diagnosis of perilunate injury.

Wrists Orthopedic surgeons who evaluated the patients

1st physician 2nd physician 3rd physician 4th physician

Wrist 1 Senior Senior In the 4th year of practice, CD
Wrist 2 In the 1st year of practice In the 3rd year of practice In the 3rd year of practice Senior, CD
Wrist 3 In the 2nd year of practice In the 4th year of practice In the 4th year of practice Senior, CD
Wrist 4 In the 1st year of practice In the 3rd year of practice In the 4th year of practice Senior, CD
Wrist 5 In the 2nd year of practice In the 4th year of practice Senior, CD
Wrist 6 In the 1st year of practice Senior In the 4th year of practice, CD
Wrist 7 Senior Senior, CD
Wrist 8 In the 1st year of practice In the 3rd year of practice Senior, CD
Wrist 9 Senior In the 2nd year of practice In the 4th year of practice, CD
Wrist 10 In the 1st year of practice In the 4th year of practice, CD

*There are 27 orthopedic surgeons represented in the table.
CD: Correct diagnosis.

Table 3
Primary reason for missed diagnosis.

Primary reason Number of
wrists

%

Abnormality missed on radiograph 9 90
Failure to radiograph 2 20
Associated fractures e fracture diagnosed

and perilunate injury missed
7 70

Abnormality seen and commented on but misinterpreted 3 30
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Various factors, such as severe disruption of the carpal bones,
lack of appreciation of the complex carpal anatomy, severity of the
injury, priority of associated life-threatening injuries resulting from
high-energy trauma, associated fractures of the wrist, concomitant
upper-extremity injuries, lack of experience of the physician, and
inadequate or improper radiographs can contribute to a misdiag-
nosis or late diagnosis of perilunate dislocation or fracture
dislocation.2,4,10,11,16

In 1997, the National Patient Safety Foundation conducted a
telephone survey and reported that 42% of the individuals surveyed
had experienced a medical error, and of that group, 40% had been
misdiagnosed or treated erroneously.17 Misdiagnosis is known to be
a risk in clinical practice that may occur through a human error of
medical staff. As a result of the intense working conditions of many
hospitals, physicians may be over-stretched and young doctors
with limited experience and knowledge may not be sufficiently
supervised.18

Guly reported 953 diagnostic errors in 934 patients in an acci-
dent and emergency department over a period of 4 years. He noted
that 79.7% were missed fractures, and that the most common rea-
sons for error were misleading radiographs (77.8%) and failure to
perform radiograph (13.4%), and that the majority of errors were
made by junior doctors.19 Apergis suggested that the first viewing
of the radiographic image of the injury is the most important factor
in the delayed or missed diagnosis of perilunate injuries.7 In the
current study, it was determined that 70% of the surgeons who
missed the diagnosis were encountering perilunate dislocation for
the first time; they were in the first 2 years of professional practice.
Of the orthopedic surgeons who made the correct diagnosis in the
misdiagnosed group, 4 reported that they had previously mis-
diagnosed a perilunate case and therefore examined wrist radio-
graphs much more carefully, and particularly the Gilula arcs.

Even if the anamnesis and physical examination suggest per-
ilunate injury, the cornerstone of diagnosis of perilunate disloca-
tion and fracture dislocation is the radiographic evaluation.11

Standard wrist posteroanterior (PA) and lateral radiographs are
typically sufficient for diagnosis in most injuries. The PA radiograph
should be scrutinized for uneven gapping in the carpal bones, and
the 3 smooth carpal arcs of Gilula should be free of disconti-
nuity.13,20 It must be remembered that dislocation of the midcarpal
joint can be best evaluated with the lateral view, as there is a good
visualization of lunocapitate dissociation.13,21 Analysis of the cur-
rent study radiographs indicated that most were taken in full PA
and lateral view in both groups and that these were adequate for
the correct diagnosis to be made at the initial examination.

Herzberg reported that the rates of missed diagnosis of per-
ilunate dislocation and fracture-dislocation are similar.2 However,
Garcia-Elias stated that dislocations are more likely to be missed
than fracture-dislocations due to the absence of a clear pathology in
ligamentous perilunar injuries.22 In the current study, the rate of
injury type was similar in the correctly diagnosed and mis-
diagnosed groups.

Previous studies have pointed out that radial styloid fractures
and carpal dislocations commonly occur together.16,23 A more
serious injury may be indicated when there are disruptions of
Gilula's lines or a radial styloid fracture, particularly if the fracture
line extends to the crest between the scaphoid and lunate fossa. In
these cases, the treating surgeon should have a high index of sus-
picion.23 Apergis reported that in the absence of a scaphoid or radius
styloid fracture, it ismore probable thatmisalignment in the injured
carpus will be overlooked.7 In the current study, the estimated rate
of associated fractures of the wrist was similar in both groups. The
small sample size of the misdiagnosed group may have led to this
result, as orthopedic surgeons who missed the diagnosis of per-
ilunate injury diagnosed an associated fracture. In another study, it
was reported that the highest risk factor for a delayed foot fracture
diagnosiswas a fracture alreadydiagnosedon the same foot.24Based
on our clinical observations, the authors suggest that diagnosis of a
fracture in the wrist, especially the scaphoid and radius styloid,
shouldmake the physicianmore aware of possible further fractures.

All of the patients in the current series with perilunate disloca-
tion or fracture-dislocation had sustained a high-energy trauma,
and most were young, as in previous studies.12,25 It has been re-
ported in the literature that 26% of these patients had polytrauma,2

65% had internal organ injury,26 and 11% had an ipsilateral upper
extremity injury.27 No significant differences were found between
the rates of polytrauma and concomitant trauma in the ipsilateral
extremity in the correctly diagnosed and misdiagnosed groups. In
the current study, there were 7 patients with polytrauma in the
group diagnosed with perilunate injury and 1 patient with poly-
trauma inmisdiagnosed group. Patientswith polytraumahad a long
stay in the hospital, and mean length of hospital stay in correctly
diagnosed group was longer than the misdiagnosed group.

In a comparison of the diagnostic results of junior doctors and
senior doctors, it was reported that only 32% of junior doctors made
the correct diagnosis of significant X-ray abnormalities occurring
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after trauma.28 Similarly, we found that all of the patients correctly
diagnosed on initial evaluation were examined by senior doctors,
and that 70% of the misdiagnosed patients were examined by
inexperienced residents.

The time of presentation at the hospital can be considered
another important issue in misdiagnosis. Working for long hours
and job overload may negatively impact the performance of a
physician. It has been reported that the greatest diagnosis error rate
occurred between 12:00 pm and 3:59 pm.29

In our clinic, we change shift at 8:00 am and 6:00 pm in the
emergency department. When we compared the hospital presen-
tation time of the patients in this study, we determined thatmost of
the patients (70%) in the misdiagnosed group were admitted to the
hospital during the night shift, between 8:00 pm and 8:00 am. In
the literature, it has been determined that if physicians slept for less
than 8 h, it resulted in a drop in the performance of tasks that
required concentration and the evidence also indicated that sleep
deprivation causes doctors to treat patients with less care and
sensitivity.30

Diagnostic errors are important in all branches of medicine.
Guly pointed out that emergency departments need to provide for
more patients to be seen by more experienced doctors and for
better supervision of the more junior doctors. In addition, junior
doctors in emergency or the department of orthopedic surgery
should receive specific training on radiology and subspecialty areas
to avoid misdiagnosis.19

It may be necessary to double-check uncertain X-ray identifi-
cations and ask for a second opinion or consultation with a physi-
cian who has specialized in this area to minimize diagnostic errors
in complex cases. Comparison of X-rays of the injured wrist with
those of the uninjured side may also help inexperienced specialists
and residents avoid misdiagnosis.

It should not be forgotten that there are disease-specific factors
in misdiagnosis of perilunate injuries in addition to physician-
specific factors, including fatigue, lack of sleep, intense work con-
ditions, and radiograph misinterpretation or inadequate
radiographs.

The authors acknowledge that a limitation of the study was that
there was no measurement of functional outcomes of late treat-
ment, and therefore no comparison could be made with previous
studies. A second limitation was the smaller sample size of the
misdiagnosed group compared with the correctly diagnosed group.

Conclusion

The results of this study demonstrated that the most important
factor in the misdiagnosis of perilunate fracture dislocation or
isolated dislocation is the lack of experience. Therefore, it is
strongly recommended that if there is a scaphoid and radial styloid
fracture, the radiograph should be examined very carefully. There
should be a routine assessment of the Gilula arcs on AP views and a
lunate assessment on lateral views.
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