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Abstract  This study aimed to compare the findings of plain radiography and computed tomography (CT) of foot and 
ankle in patients submitted to the emergency department with high-energy foot and ankle trauma, to demonstrate if 
missing fractures on plain radiographs will significantly alter the treatment plan considered for each patient based on 
the findings of each imaging modality. We retrospectively observed standard radiological foot and ankle x-rays and CT 
scans in patients who presented to our center from April 2019 to June 2020 with a history of foot and ankle trauma 
with either loss of consciousness, a history of high-energy trauma, or clinical presentation disproportionate to plain 
radiographic findings. We investigated the number of fractures of each bone detected on plain radiographs and CT 
scans and the treatments based on each modality’s findings in patients admitted to our center. Sixty-five out of 163 
(39.87%) included in our study had at least one missed fracture on plain radiography that was detected on CT. Thirty-
one (19%) patients had normal radiography despite actually having fractures. In 38 (23.31%) patients CT changed 
the treatment plan decided by our surgeons (P < 0.001). The two imaging modalities had a moderate agreement 
for detecting foot and ankle fractures overall (κ = 0.432). The failure to detect fractures in patients with high-energy 
trauma can significantly impact treatment effectiveness. Integrating CT scans into the diagnostic process can lead to 
changes in treatment planning and ultimately improve patient outcomes.

Level of clinical evidence  IV.

Keywords  Foot and ankle trauma, Plain radiography, Computed tomography, Treatment planning, Diagnostic 
accuracy

Evaluation of treatment planning 
discrepancies: CT versus plain radiographic 
findings in patients with foot and ankle 
trauma
Seyed Hadi Kalantar1, Nima Bagheri1, Nesa Milan1, Sare Moslemi Mehni2, Iman Menbari Oskouie4, Tina Alinia1 and 
Nazanin Rahimdoost3*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13104-024-06902-9&domain=pdf&date_stamp=2024-8-30


Page 2 of 7Kalantar et al. BMC Research Notes          (2024) 17:238 

Introduction
Foot and ankle trauma, encompassing a wide range of 
injuries, can significantly impact a person’s mobility and 
overall quality of life. Fractures of the foot are the most 
frequently missed fractures in adult patients presenting 
to the emergency department [1, 2]. To evaluate patients 
with foot and ankle trauma, initial imaging typically 
involves three-view plain radiography, including antero-
posterior (AP), mortise, and lateral views [3, 4]. However, 
certain fractures, such as osteochondral talar dome frac-
tures, small avulsion fractures of the mid- or hindfoot, 
and those involving the posterior malleolus, are often 
missed on plain radiographs [5–7]. Specific manage-
ment plannings such as open reduction for trimalleolar 
fractures, which are commonly missed by plain radiogra-
phy, are needed for perfect reduction of different fracture 
types [8]. Failure to do so can lead to complications such 
as avascular necrosis of the talus bone, development of 
post-traumatic osteoarthritis, and ankle instability; thus 
significantly affecting the patient’s quality of life and the 
average cost per patient [9–12]. Complementary imag-
ing techniques, such as computed tomography (CT) and 
magnetic resonance imaging (MRI), are commonly used 
to plan surgical interventions and identify occult frac-
tures and soft tissue injuries not visible on plain radio-
graphs. However, routine utilization of CT and MRI in 
foot and ankle trauma cases remains uncommon [13].

While CT imaging offers advantages in diagnostic pre-
cision, the question arises as to whether it leads to dis-
crepancies in treatment planning compared to plain 
radiographic findings.

This study aims to evaluate and compare the differences 
in treatment planning based on CT and plain radio-
graphic findings in patients with either high energy foot 
and ankle trauma, patients unable to localize or describe 
their pain or those with pain in their foot and ankle after 
trauma disproportionate to the X-ray findings. By con-
ducting a comprehensive analysis, we aim to gain insights 
into the potential variations in treatment planning result-
ing from differing imaging modalities.

Methodology
Study Design
This study evaluated treatment planning discrepancies 
between CT and plain radiographic findings in patients 
with foot and ankle trauma. A retrospective study design 
was employed as part of a medical student thesis to ana-
lyze data collected from patients admitted to Imam Kho-
meini Hospital between April 2019 and June 2020. This 
study was performed thesis of one the authors. Patient 
data were collected retrospectively from the hospital’s 
picture archiving and communication system (PACS) 
without direct patient contact. Ethical approval for the 

study was obtained from the research ethics committees 
of the Imam Khomeini Hospital complex.

Inclusion criteria
All patients with a documented history of foot and ankle 
trauma admitted to the hospital during the specified 
timeframe were included in the study. The trauma had 
to occur within the past 24 h and fall into one of the fol-
lowing categories: high-energy trauma, falling from a 
height, trauma accompanied by loss of consciousness, or 
trauma with pain or swelling disproportionate to plain 
radiographic findings. The age range for inclusion was set 
between 15 and 85 years old. Furthermore, a full medi-
cal history, including a comprehensive list of reported 
abnormalities on radiographs, as well as the treatment 
plan submitted in the PACS, were recorded.

Exclusion criteria
Patients who did not undergo either plain radiographs 
or CT scans of the foot or ankle, or did not have con-
sent to take part in this study were excluded. In addition, 
patients with a history of surgical intervention of foot 
and ankle, poor general medical conditions, and nonam-
bulatory states were not considered eligible for this study.

Imaging evaluation
Both plain radiographs and CT scans were evaluated for 
abnormalities, specifically focusing on fractures of the 
medial, lateral, and posterior malleolus, calcaneus, talus, 
cuboid, cuneiform, metatarsal, and distal tibial fractures. 
Two experienced orthopedic surgeons with a mini-
mum of 6 years of practical experience simultaneously 
reviewed the imaging records. A senior radiologist also 
reviewed the imaging records. The final decision about 
the number of fractures was made according to the com-
ments of all three reviewers. The orthopedic surgeons 
mutually determined the managing plan concluded from 
each imaging modality based on the findings of plain 
radiography and CT scans. The patients included in the 
evaluation were selected randomly. CT scans were con-
sidered the gold standard in this study for comparison 
with plain radiographic findings.

Statistical analysis
The recorded data, including the number and type of 
pathologies detected by CT and plain radiography, as 
well as the treatment planning based on the findings of 
each modality, were analyzed using the statistical package 
for the social sciences (SPSS) V. 26.0 program.

Quantitative variables were reported as frequency (%). 
The McNemar’s test was used to assess the relationship 
between two dichotomous variables of if plain radiogra-
phy has missed a fracture (yes or no) and the treatment 
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plan has changed (yes or no). A significance level of 
P < 0.05 was set for all statistical tests.

Cohen’s kappa value was calculated to determine the 
degree of agreement between CT and plain radiography 
in detecting foot and ankle fractures. The interpretation 
of the kappa value was categorized as follows: no agree-
ment for values ≤ 0, none to slight agreement from 0.01 to 
0.2, fair agreement from 0.21 to 0.4, moderate agreement 
from 0.41 to 0.6, substantial agreement from 0.61 to 0.8, 
and almost perfect agreement from 0.81 to 1.0 [14].

Results
A total of 163 patients with a history of foot and ankle 
trauma were included in the study, with a mean age of 
40 (range 15–85) years. Among the patients, 41 (25.2%) 
were females and 122 (74.8%) were males. Conventional 
radiography failed to detect at least one fracture in 65 
patients (39.87%), which was subsequently identified on 
CT scan. Of these 65 patients, 55 (33.74%) had one unde-
tected fracture on plain radiographs, 8 (4.9%) had two 
undetected fractures, and 2 (1.22%) had three undetected 
fractures (Table  1.) Additionally, CT scans revealed at 
least one fracture in 31 patients (19%) with normal find-
ings on conventional radiographs (Fig. 1).

Based on the initial conventional radiographic find-
ings, 84 patients (51.53%) were initially planned for sur-
gical management. However, this number increased to 
93 patients (57%) after performing CT scans. In total, 38 
patients (23.31%) had a change in their treatment plan 
following the CT scan.

The agreement between CT and plain radiography in 
detecting foot and ankle fractures varied across different 
fracture sites. The agreement was slight for cuneiform 
(κ = 0.000), fair for talus (κ = 0.333), cuboid (κ = 0.242), 
and navicular (κ = 0.351), and moderate for posterior mal-
leolar (κ = 0.589), trimalleolar (κ = 0.548), and distal tibial 
(κ = 0.531) fractures. The overall agreement between CT 
and plain radiography in detecting foot and ankle frac-
tures, as measured by the kappa value, was interpreted as 
moderate (κ = 0.432) (Table 2).

Discussion
Evaluating treatment planning discrepancies between 
CT and plain radiographic findings in patients with foot 
and ankle trauma is crucial for accurate diagnosis and 
appropriate management. According to our study’s find-
ings, CT may significantly impact treatment planning in 
emergency department patients who present with foot 
and ankle trauma.

Our results demonstrated several important findings. 
A significant number of fractures were missed by conven-
tional radiography in patients with foot and ankle inju-
ries, with 39.87% of patients having at least one fracture 
that CT scans could only detect. This result highlights the 
limitations of plain radiographs in accurately diagnosing 
fractures in this patient population.

While plain radiography showed high sensitivity (90%) 
in diagnosing fractures of the distal fibula, medial mal-
leolus, and lateral malleolus, it exhibited lower sensitivity 
for midfoot bones (12.5%), talus fractures (21.43%), distal 
tibia fractures (45.83%), posterior malleolar (50%) frac-
tures, and missed all of the cuneiform fractures. More-
over, we identified that even in cases where conventional 
radiographs appeared normal, CT scans could detect 
fractures in 19% of patients. These findings support the 
existing literature highlighting the limited sensitivity of 
plain radiography in detecting complex foot and ankle 
fractures, emphasizing the need for additional imaging 
modalities such as CT for accurate diagnosis [15–18]. 
CT can also significantly accelerate fracture detection 
in trauma settings (P < 0.001) [19]. Therefore, CT may 
be appropriate to be used routinely in multiple trauma 
patients suspected of having foot or ankle injuries.

Importantly, our study revealed that including CT 
scans significantly altered 38 out of 163 cases (23.31%). 
The alteration may involve the change from nonoperative 
to operative treatment or a different surgical procedure. 
In a study conducted by Black et al. on the role of CT in 
the surgical planning of 600 patients with ankle fractures, 
it was demonstrated that in 146 cases (24.3%), the surgi-
cal management was altered after performing CT [20]. 
Similarly, another study investigated the use of CT versus 
plain radiography in surgical planning for ankle fractures; 
revealing that 24% of patients experienced a modification 

Table 1  Total number of fractures detected by each modality for each patient
Number of patients with zero, one, two, three, and four fractures detected on plain 
radiography
Zero One Two Three Four Total

Number of patients with zero, 
one, two, three, and four frac-
tures detected on computed 
tomography

Zero 26 0 0 0 0 26
One 26 51 0 0 0 77
Two 4 17 14 0 0 35
Three 1 0 11 7 0 19
Four 0 0 5 1 0 6

Total 57 68 30 8 0 163
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in their operative management following the addition of 
CT imaging [6].

In our study, only 1 out of 7 cuboid fractures was 
detected by plain radiography (κ = 0.242). It has been con-
firmed in previous studies that plain radiography is often 
insufficient in diagnosing cuboid fractures due to over-
lying adjacent midfoot bones. However, these fractures 
frequently happen along with other foot and ankle frac-
tures in trauma settings and surgical treatment is seldom 
required due to their extra-articular nature [21, 22].

Posterior malleolus (κ = 0.589), trimalleolar (κ = 0.548), 
and distal tibial (κ = 0.572) fractures were amongst the 
most frequently overlooked fractures by plain radiogra-
phy in ankle regions. In Szymanski’s study, nearly 40% of 
malleolar pathologies were missed solely based on plain 
radiography [23]. A similar result has been reported 
in Donohoe’s study where the management plan and 
approaches for posterior malleolar fractures were sig-
nificantly altered after undergoing CT scans. Operative 
treatment was considered in 84% of cases based on plain 
radiography, while this number increased to 92% after 

addition of CT scans [24, 25]. It is suggested in some 
studies that the decision to operate on the posterior mal-
leolus fractures depends on the fragment size, and plain 
radiography cannot estimate the size accurately. Larger 
fragments, with different suggested cut-off sizes, are gen-
erally recommended for the operative management [26, 
27]. On the contrary, other studies emphasize the impor-
tance of additional factors such as articular congruence 
and ankle stability as indications for surgical interven-
tion. This suggests a more comprehensive approach to 
treatment decision-making. Furthermore, the impact of 
factors such as fellowship training and years of surgical 
practice on the surgical approach was also highlighted 
[26]. However, based on our data, we could not identify 
the specific factors influencing surgeons’ decision-mak-
ing in managing posterior malleolar and trimalleolar 
fractures.

Our study found an almost perfect agreement between 
CT and plain radiography for lateral malleolar (κ = 0.937) 
and medial malleolar (κ = 0.937) fractures. This is in 
contrast with Jubel’s study in which they reported a 

Fig. 1  A 29 year-old male presenting with a history of motor vehicle accident with complaint of foot and ankle swelling and pain. The plain radiography 
seems normal (1–3), but with a closer look at the patient’s CT, fractures of the cuboid (4), 4th metatarsal (5), and comminuted fracture of talus (6,7) can be 
detected (red arrows). This patient has to be managed operatively based on CT findings
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sensitivity of 0% for detection of multifragmentary frac-
tures of lateral malleolus. They suggested a routine use 
of CT for detection of complex ankle fractures, such as 
multifragmentary fractures of lateral malleolus, in elderly 
population. However, similar to our findings, the sensitiv-
ity of plain radiography was considered to be acceptable 
(96.8%) for detection of medial malleolar fractures [25].

Our findings suggest that plain radiography could only 
detect 3 out of 14 (21.43%) talar fractures with a fair 
agreement (κ = 0.333) with CT. Unless they are nondis-
placed, operative management is recommended for talus 
fractures. Inadequate management of talar fractures can 
lead to complications such as posttraumatic arthrosis, 
ankle axial misalignment, and avascular necrosis [28]. 
Surgical fixation is necessary for large, intraarticular, and 
comminuted fractures. Conservative treatment using 
cast immobilization for such fractures has been associ-
ated with a higher incidence of chronic pain and non-
union [29]. To detect even minimal displacement in talar 
fractures and effectively plan management, CT is essen-
tial. By identifying subtle fractures and enabling appro-
priate interventions, CT reduces the need for future 
reconstructive surgeries [17, 30].

Navicular fractures were detected in only 2 out of 9 
(22.22%) patients by plain radiography and there was 
a fair agreement between CT and plain radiography 
(κ = 351). These fractures often happen in addition to 
other fractures of foot and ankle. Other studies also sug-
gest that detection of these fractures is difficult by plain 
radiography due to their shapes and the overlying adja-
cent midfoot bones [22]. It is important not to miss these 

fractures since the navicular bone’s blood supply is poor, 
which makes it more prone to nonunion [31].

The management of fractures of the metatarsals 
depends largely on their stability and the amount of dis-
placement. In our study, plain radiography successfully 
identified 17 out of 25 (68%) metatarsal fractures. Non-
operative management of fractures of the proximal shaft 
of the fifth metatarsal bone (known as Jones fracture) is 
associated with non- or delayed union.

Conversely, nonoperative approaches are preferred for 
avulsions of the fifth metatarsal base [32]. Therefore, an 
accurate diagnosis of the fracture type is necessary for 
planning the appropriate treatment.

In this retrospective study, we aimed to assess the dif-
ferences in treatment planning based on these two imag-
ing modalities and explore the implications for patient 
care.

Despite these findings, plain radiography remains 
widely employed as the primary imaging modality in 
trauma patients due to its cost-effectiveness, lower radia-
tion exposure, and widespread availability [33, 34]. How-
ever, delaying the diagnosis and treatment of fractures 
can result in unfavorable outcomes. Various studies have 
shown that the risk of infection following a delayed treat-
ment of a closed ankle fracture increases significantly, in 
some studies by six times. Additionally, a delay in treat-
ment has been associated with longer periods of post-
operative immobilization, extended hospital stays, and 
increased average costs for patients [12, 35]. It is impor-
tant to acknowledge some limitations of our study. Firstly, 
the retrospective design may have introduced selection 

Table 2  Comparing plain radiographic findings with those of CT of different fracture sites
No.
Detected
on plain radiography

Missed
on plain radiography

plan change Sensitivity (%)
[95% CI]

Kappa value

Fracture site
  Ankle 103 30 17 77.44 [69.39–84.23] 0.734
    Medial malleolus 41 4 3 91.11 [78.78–97.52] 0.937
    Lateral malleolus 42 2 1 95.45 [84.53–99.44] 0.937
    Posterior malleolus 9 11 7 55 [31.53–76.94] 0.589
    Distal tibia 11 13 8 45.83 [25.55–67.18] 0.572
    Bimalleolar 28 1 0 96.55 [82.24–99.91] 0.979
    Trimalleolar 6 9 6 40 [16.34–67.71] 0.548
  Distal fibula 4 0 0 100 [39.76–100] 1.000
  Talus 3 11 7 21.43 [4.66–50.80] 0.333
  Calcaneus 22 6 0 78.57 [59.05–91.70] 0.859
  Midfoot 3 21 13 12.5 [2.66–32.36] 0.141
    Navicular 2 7 5 22.22 [2.81–60.01] 0.351
    Cuneiforms 0 8 7 0 [0.00-36.94] 0.000
    Cuboid 1 6 2 14.29 [0.36–57.87] 0.242
  Metatarsals 17 8 5 68 [46.5-85.05] 0.783
  Total 152 76 38 66.67 [60.14–72.75] 0.432
CI = confidence interval
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bias and limited our ability to control for confounding 
factors.

Additionally, our study did not provide specific data 
on the differences in morbidity, cost, and length of hos-
pital stay based on the timing of diagnosis, type of imag-
ing modality and the respective radiation exposure, and 
treatment. Further prospective research with a larger 
patient size is necessary to thoroughly evaluate these 
aspects.

Conclusion
In conclusion, our study highlights the significance of 
evaluating treatment planning discrepancies between CT 
and plain radiographic findings in patients with foot and 
ankle trauma. Failure to detect foot and ankle fractures 
in patients with high-energy trauma can significantly 
prevent patients from receiving appropriate treatment. 
Incorporating CT scans into the diagnostic workup 
can change treatment planning and improve patient 
outcomes.
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