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ABSTRACT

Purpose of the study

The indication for surgery for isolated
lateral malleolar fracture (AO/OTA 44B1)
is debatable and in many cases, relies
upon radiographic assessment of frac-
ture stability. Artificial intelligence chat-
bots with visual analysis capabilities of-
fer a potential attribute for radiographic
assessment. This study compared the
diagnostic performance of a commer-
cially available Al chatbot with that of
three fellowship-trained orthopedic
trauma surgeons in evaluating equivo-
cal isolated lateral malleolar fractures.

Material and methods

A retrospective study. 50 patients
with isolated lateral malleolar injury at
the level of the syndesmosis (AO/OTA
44B1) were evaluated by three blinded

fellowship-trained orthopedic trauma
surgeons. Each rater measured stand-
ardized radiographic ankle parameters,
medial clear space, tibiofibular clear
space, and tibiofibular overlap, on an-
teroposterior and mortise views and
determined a surgical versus nonopera-
tive treatment recommendation. Sub-
sequently, the same sets of radiographs
were independently evaluated by an Al
chatbot (Claude, Anthropic). The ob-
servers and Al decisions were compared
to the actual outcome of the patients
(operative vs. nonoperatives).

Results

All raters recommended surgery at
lower rates (34.0-46.0%) than the ac-
tual operative rate (56.0%). The differ-
ence in outcomes between the actual
treatment and the observers varied and
ranged between 67.3-86% with the Al
within the same ranges. The Al's radio-
graphic measurements differed system-
atically from all surgeons across five of
six parameters. Inter-rater agreement
between the Al and surgeons was slight,

while inter-surgeon agreement was
moderate (kx = 0.457-0.589). ROC analy-
sis showed comparable AUC values
(0.83-0.67) for all raters.

Discussion

The Al chatbot demonstrated diagnos-
tic accuracy comparable to orthopedic
trauma surgeons in directing treatment
for isolated lateral malleolar fractures,
despite using a systematically different
measurement strategy. All raters ex-
hibited conservative bias as comparted
with the actual outcome with modest
discriminatory ability, reflecting the in-
herent difficulty of this clinical issue.
These findings support a potential com-
plementary role for Al in ankle fracture
triage, while final clinical management
decisions should remain in the hands of
the orthopedic surgeon.

Key words: lateral malleolar ankle
fracture, artificial intelligence, surgical
decision-making, radiographic asse-
ssment orthopedic surgery, diagnostic
accuracy.
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INTRODUCTION

Ankle fractures are among the most common injuries pre-
senting to orthopedic emergency departments, with an es-
timated incidence of 169-179 per 100,000 person-years (12).
Isolated lateral malleolar fracture at the level of the syndes-
mosis, constitutes alarge subgroup and presents a particular
management dilemma; this injury is essentially a mixed bag of
bony and/or ligamentous injury ranging from potentially stable
injuries that can be treated with a cast to combined unstable
bony and ligamentous injury that can potentially displace. The
diagnostic dilemma between a stable and unstable fracture
has produced numerous studies (11, 21, 28). Missed instability
risks such as malunion, post-traumatic arthrosis, and long-
term functional impairment support operative treatment (5),
while unnecessary surgery exposes patients to unnecessary
risks (10).

Standardized radiographic parameters including, medial
clear space (MCS), tibiofibular clear space (TFCS), and tibi-
ofibular overlap (TFO), have been established as the corner-
stones of ankle mortise stability assessment(1, 25). Further
diagnostic studies such as stress radiography, weight-bear-
ing imaging, and MRI have been proposed to reduce diagnos-
tic uncertainty, but their routine use is constrained by avail-
ability, cost, and patient tolerance (1, 25).

Artificial intelligence (Al) has demonstrated promising di-
agnostic capabilities across multiple domains of medical im-
aging, including fracture detection, fracture classification,
and treatment planning (13,15). More recently, large language
models (LLMs) with integrated visual analysis capabilities
have become commercially accessible, enabling direct ra-
diographic interpretation without the need for purpose-built
training datasets or dedicated hardware. However, strict vali-
dation against specialist clinicians using real-world outcomes
as areference standard has been limited, and existing studies
have predominantly evaluated Al in clear pathological cases
rather than the ambiguous presentations that most challenge
clinical judgment (3, 29).

The aim of this study is to compare the diagnostic per-
formance of a commercially available Al chatbot with that
of three fellowship-trained orthopedic trauma surgeons in
evaluating a purposefully enriched cohort of isolated 44-B1
ankle fractures, to characterize differences in radiographic
measurements between Al and orthopedic surgeons and to
compare final decisions for the need of operative treatment.

MATERIAL AND METHODS

Our study is a retrospective comparison study at an academic
level | trauma center, comparing between the performance
of a commercially available Al chatbot (Claude, Anthropic,
San Francisco, CA, USA) and the decision-making process
of three fellowship-trained orthopedic trauma surgeons in

evaluating isolated lateral malleolar fractures. The study
was reported in accordance with the STROBE guidelines for
observational studies (30). Two board-certified orthopedic
surgeons independently screened all 44-B1 lateral malleolus
fractures presenting to the orthopedic emergency depart-
ment between January 2024 and December 2025, to identify
cases considered equivocal regarding operative versus non-
operative management. The screening was based solely on
the visual radiographic presentation, without performing for-
mal measurements. Only cases in which both screening sur-
geons independently agreed that the treatment decision was
uncertain were included, yielding a final group of 50 patients.

Eligible patients were adults (>18 years) with AO/OTA 44B1
fracture who completed a set of 3 standard ankle radiograph-
ic views (anteroposterior, mortise, and lateral) of adequate
diagnostic quality. Exclusion criteria were: prior surgical in-
tervention on the ipsilateral tibia, fibula, or ankle; a history of
malignancy or systemic bone disease affecting the lower ex-
tremity; an open or pathological fracture; polytrauma or con-
comitant ipsilateral fractures; significant degenerative joint
disease obscuring radiographic landmarks; or an incomplete
radiographic series.

Three trauma-trained orthopedic surgeons, blinded to one
another’s assessments and to the actual treatment decision,
independently measured the following standardized ankle
parameters on each case: medial clear space (MCS; normal
<4 mm), tibiofibular clear space (TFCS; normal <6 mm), and
tibiofibular overlap (TFO; normal >6mm on AP, >Tmm on
mortise), each on both the AP and mortise views (25, 26), on
a standardized PACS system, (Fuji, etc.;). Using these meas-
urements, each surgeon designated the case for operative or
non-operative treatment. Al chatbot was given the same ra-
diographic images using a standardized protocol(see Supple-
mentary Material), in order to measure the same parameters
on its own, and to give a treatment decision for each case.
A research coordinator who was not part of the rating pro-
cess collected the actual treatment decision for each patient
from hospital medical records, which served as the reference
standard.

Agreement on the surgical decision was assessed using
Cohen’s kappa for pairwise comparisons and Fleiss' kappa for
multi-rater agreement. Continuous radiographic measure-
ments were compared using paired t-tests, Wilcoxon signed-
rank tests and intraclass correlation coefficients. Diagnostic
accuracy against the real-life treatment decision was evalu-
ated by sensitivity, specificity (Wilson score 95% confidence
intervals), positive and negative predictive values, overall
accuracy, and Cohen’s kappa versus the reference standard.
McNemar's test was used to detect systematic bias in each
rater's recommendations relative to the actual outcome.
A human majority consensus (agreement of >2 of 3 surgeons)
was also derived as an additional comparator. Significance
set at p < 0.05 (two-tailed).
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Table 1. Descriptive statistics of radiographic measurements and surgery rates

PARAMETER Al (CLAUDE) SURGEON 1 SURGEON 2 SURGEON 3

MCS AP 4.25+1.03 3.79+1.34 3.99+1.33 3.98 £1.45

TFCS AP 6.06 + 0.82 4.16 +£1.60 4.21+1.30 4.80+1.46

TFO AP 4.87+2.16 6.39+1.95 6.20+2.10 7.51+£2.33

MCS Mortise 4.24+1.03 3.66+1.76 3.42+1.63 3.79+1.71

TFC Mortise 6.05+0.83 3.88+1.37 3.61£1.30 3.79+1.74

TFO Mortise 4.58+1.93 2.37+1.15 3.94+1.68 3.85+1.99

Surgery rate 20/50(40.0%) 23/50(46.0%) 19/50(38.0%) 17/50(34.0%)
Values are presented as mean + SD(mm) for continuous measurements or n/N (%) for surgery rates. TCA AP = talar tilt angle; N/A = not available.
RESULTS 701
A total of 50 patients with 44B1 fractures were included in 60 56.0% oo

. . T T -Real: 56%
the analysis of our study. In real life, 28 patients (56.0%) un- ©
. . . . 1 46.0%
derwent surgical fixation and 22 patients (44.0%) were man- 9 “0.0%
aged non-operatively. All four raters recommended surgery &40 S0 o %
5 0%
at lower rates than the actual operative rate; the Al chatbot §30-
recommended surgery in 20 cases (40.0%), Surgeon 1in 23 g
cases(46.0%), Surgeon 2in 19 cases(38.0%), and Surgeon 3 in 201
17 cases (34.0%) of 50 evaluable cases, compared to 28 cases ol
(56.0%) in real life outcomes. The human majority consensus
(agreement of 22 of 3 surgeons) recommended surgery in 19 0 N ot omter  ortes o s
. . t t t

cases (38.0%) (Table 1; Fig. 1). The medial clear space (MCS) (Claude) e e Majorty  Life

emerged as the strongest predictor across all raters. For the
human mean measurements, MCS both on AP and mortise
views were the only parameters significantly correlated with
the real-life outcome, with higher values associated with op-
erative management.

Among the 28 patients who actually underwent surgery,
Ortho 1 demonstrated the highest sensitivity (78.6%), miss-
ing only 6 operated cases, while the Al chatbot, Ortho 2, and

Sensitivity
(Among 28 Operated Patients)
100
78.6%

80

571% 60.7%
60 17 55.6% 53.6%

B
40
204
0 T T T T
Al Ortho 1 Ortho 2 Ortho 3 Majority

Fig. 1. Surgery recommendation rate by rater versus real-life outcomes.

Ortho 3 performed comparable sensitivity, correctly identify-
ing 53.6-57.1% of operated cases and missing 11-13 patients
each. Among the 22 patients managed non-operatively, all
raters achieved high specificity (81.8-95.5%)(Fig. 2).

Sensitivity
(Among 22 Non-Operated Patients)
100 95.5%
90.9% 90.9%
81.8% 81.8%
80+
60
B3
40
20+
0 T T T T
Al Ortho 1 Ortho 2 Ortho 3 Majority

Fig. 2. Subgroup analysis - sensitivity and specificity by rater (operated vs non-operated cases).
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Table 2. Diagnostic accuracy of each rater against real-life surgical outcome

RATER N TP TN FP FN | SENS % 95% CI SPEC % 95% CI PPV % | NPV % | ACC % P

Al(Claude) 50 16 18 4 12 57.1 (39.1-73.5) 81.8 (61.5-92.7) | 80.0 60.0 68.0 0.08
Surgeon 1 50 22 21 1 6 78.6 (60.5-89.8) 95.5 (78.2-99.2) | 95.7 71.8 86.0 0.13
Surgeon 2 50 15 18 4 12 55.6 (37.3-72.4) 81.8 (61.5-92.7) 78.9 60.0 67.3 0.08
Surgeon 3 50 15 20 2 13 53.6 (35.8-70.5) 90.9 (72.2-97.5) | 88.2 60.6 70.0 0.01
Human Majority 50 17 20 2 n 60.7 (42.4-76.4) 90.9 (72.2-97.5) | 89.5 64.5 74.0 0.03

TP =true positive; TN = true negative; FP = false positive; FN = false negative; Sens = sensitivity; Spec = specificity; PPV = positive predictive value;

PV = negative predictive value; Acc = accuracy; p < 0.05.

Among the 3 surgeons, the mean of calculated values
(MCS, TFC, and TFO) was generally comparable for all para-
meters, with the greatest inter-surgeon variability observed
in TFO mortise measurements (range 2.37-3.94 mm). Dia-
gnostic accuracy metrics against the real-life treatment out-
come are detailed in Table 2 and Figure 3. Surgeon 1achieved
the highest overall accuracy (86.0%), achieving substan-
tial agreement with the real-life outcome (x = 0.723). The Al
achieved 68.0% accuracy, yielding fair agreement with reality
(x=0.37). This was comparable to Surgeon 2 (accuracy 67.3%,
k=0.36)and Surgeon 3(accuracy 70.0%, k= 0.42). The human
majority consensus achieved 74.0% accuracy with moderate
agreement (k= 0.49). All raters demonstrated higher specific-
ity than sensitivity, indicating a conservative bias, a tendency
to under-recommend surgery relative to the actual treatment
decisions. McNemar's test reached statistical significance for
Surgeon 3 (p = 0.01) and the human majority (p = 0.03), con-
firming a systematic under-recommendation of surgery by
these raters.

Positive Predictive Value (PPV)

1007 95.7%
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Inter-rater agreement between the Al and each individual
surgeon was slight (k = 0.054-0.146); and raw agreement of
55.1-68.0%. The inter-surgeon agreement was moderate,
with pairwise kappa values ranging from 0.457 (Surgeons
1vs. 2)to 0.589 (Surgeons 1vs. 3) and raw agreement of 73.5-
80.0%. McNemar's tests comparing the Al to each surgeon
were non-significant (all p > 0.05), indicating that the disa-
greement was bi-directional rather than reflecting a system-
atic directional bias by the Al. The Al demonstrated significant
systematic biases in five of six measurements (all p < 0.005),
with only MCS AP showing no significant difference (mean dif-
ference +0.33 + 1.46mm, p = 0.117). The largest biases were
observed for TFC mortise (+2.26 + 1.30 mm), TFCS AP (+1.68 +
1.36 mm), and TFO AP (-1.83 + 2.81mm). All ICC values between
the Al and the human mean were poor (<0.21), indicating that
the Al's measurements did not reliably reproduce those of the
surgeons. Bland-Altman analysis confirmed wide 95% limits
of agreement across all parameters, with the broadest range
for TFO AP (-7.34 to +3.68 mm). The strongest inter-surgeon

Overall Accuracy

100

86.0%

804
74.0%
70.0%

68.0% 67.3%

60

%

40

20

T T
Al Ortho 1 Ortho 2 Ortho 3 Majority

Fig. 3. Diagnostic performance metrics: positive predictive value and overall accurancy.
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reliability was observed for MCS mortise (ICC 0.683-0.862,
moderate to good) and MCS AP (ICC 0.686-0.751, moderate).
TFO AP showed moderate agreement (ICC 0.599-0.622), while
TFCS and TFC mortise showed poor-to-moderate reliability
(ICC 0.375-0.566).

ROC analysis using a composite radiographic instability
score (sum of standardized MCS, TFCS, and TFC values minus
TFO values) is presented in the supplementary materials sec-
tion. The area under the curve (AUC) was comparable across
all raters: Ortho 1achieved the highest AUC (0.667), followed
by the Al (0.653), Ortho 3(0.656), Ortho 2 (0.639), and the hu-
man mean (0.638). All AUC values fell in the 0.63-0.67 range,
indicating modest discriminatory ability for all raters, with
no single rater's measurements clearly superior in predicting
the actual surgical outcome when combined into a composite
score.

DISCUSSION

This study compared the diagnostic performance of a com-
mercially available Al chatbot (Claude, Anthropic) with that
of three trauma-trained orthopedic surgeons in evaluating
borderline isolated lateral malleolar ankle fractures; cases
in which experienced clinicians were themselves uncertain
about the surgical indication (11, 22, 27). To our knowledge,
this represents one of the first radiographic studies of a LLM
with image analysis against a panel of specialty surgeons us-
ing real-life treatment decisions as the standard. Both the
surgeons and the Al systematically under-recommended sur-
gery relative to the actual operative rate, revealing a universal
conservative bias in this clinically uncertain population. Al-
though similar treatment decisions were made in some of the
cases, the Al arrived to these decisions through a systemati-
cally different measurement strategy, overestimating tibio-
fibular clear space and underestimating tibiofibular overlap,
two standard but imperfect radiographic surrogates of syn-
desmotic injury with known variability (5, 16, 20, 23).

The Al's overall accuracy was close to that of Surgeon 2 and
Surgeon 3, but slightly lower than the consensus of the ortho-
pedic surgeons. Surgeon 1 performed best, with much higher
sensitivity (78.6% compared to 53.6-57.1% for the others)and
the highest specificity (95.5%). The differences between sur-
geons are important, as many studies show that agreement
on radiological findings can be low in ankle fractures and also
in other fractures as well (1, 14, 18, 32). In our study, another
orthopedic surgeon made independent decisions to reflect
real-life practice, so it can be considered a 4th surgeon who
provides his opinion on the radiographs. Comparing these
results to the Al is interesting because they align with previ-
ous research showing significant differences among human
observers in orthopedic radiographic assessments. This sug-
gests that Al performance in fracture cases is not necessarily

inferior to human expertise, but generally falls within the low-
er to middle range of human performance. Overall, these find-
ings indicate that while the Al demonstrated a capacity to
assess ankle mortise radiographs and render treatment deci-
sions, its agreement with both human surgeons and real-life
outcomes remained limited, performing comparably to two
of the three surgeons but substantially below the best-per-
forming surgeon. Although this contrasts with some recent
reports of Al meeting or exceeding specialist-level accuracy
in fracture detection, this difference may be explained by the
greater complexity and clinical ambiguity of the ankle frac-
ture cases in our cohort (2, 13, 17).

An interesting feature of our study is the universal con-
servative bias: the Al recommended surgery in only 40.0%
of cases, and the three surgeons in 34.0-46.0%, against an
actual operative rate of 56.0%. The tendency to under-rec-
ommend surgery in equivocal isolated lateral malleolar frac-
tures has previously been reported in studies evaluating the
Ottawa ankle rules and radiographic threshold criteria, and
likely reflects a well-known conservatism in clinical decision-
making when pathological thresholds are borderline (6, 19).
In the Al, this bias may additionally reflect the inherent chal-
lenge of mapping continuous radiographic measurements
to a binary operative decision when values cluster near es-
tablished thresholds, a task that, as our ROC analysis dem-
onstrates carries only modest discriminatory power for all
ratersregardless of human or Al origin. Al's false negative rate
in this study (42.9%) therefore, represents the primary safety
concern for any clinical deployment, and should be weighed
carefully before considering Al-assisted triage in this setting.
Notably, the Al and Surgeon 2 showed identical specificity
(81.8%), suggesting that over-recommendation of surgery is
not a predominant Al failure mode in this context. This find-
ing reinforces that the borderline lateral malleolus fracture
represents a difficult clinical decision in which radiographic
measurements alone, whether obtained by experienced sur-
geons or Al, provide limited predictive power, and that clinical
factors beyond standard radiographic parameters likely influ-
ence the ultimate treatment decision.

Despite arriving at surgical recommendations comparable
to Surgeons 2 and 3, the Al'sradiographic measurements were
systematically different from all human raters across five
of six parameters, with particularly large biases in tibiofibu-
lar clear space. The Al does not appear to replicate human
measurement techniques but may instead extract decision-
relevant signals through a different internal representation of
radiographic instability. This is consistent with the tendency
of large language models to solve tasks via emergent pat-
tern recognition and internal feature representations rather
than explicit rule application(24, 31). The MCS, which showed
no significant Al bias and the highest intersurgeon reliability,
emerged as the parameter most consistently shared between
human and Al assessments and was the strongest predictor
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of operative outcome across all raters. This convergence on
MCS as the most reliable and clinically informative parameter
corroborates its established primacy in ankle mortise assess-
ment, where MCS widening is a key marker of deltoid insuf-
ficiency and ankle instability on stress and injury radiographs
(4,9).

Several limitations of this study deserve mention. First, the
retrospective design and singlecenter cohort limit generaliz-
ability. Second, the reference standard was reallife treatment
rather than a biomechanical ground truth such as stress ra-
diography or intraoperative syndesmotic assessment, and
true instability may not perfectly correlate with the operative
decision, which can be influenced by patient factors, surgeon
preference, and logistical considerations beyond the radio-
graph alone (7, 8). Third, the Al was evaluated using a single
commercially available chatbot accessed through a standard-
ized prompt protocol (see Supplementary Material); different
Al architectures, prompt strategies, or purposebuilt medi-
cal Al systems may perform differently, and our findings may
therefore not be generalizable to other Al implementations.

CONCLUSIONS

All raters showed a conservative bias with modest radio-
graphic discriminatory ability, reflecting the difficulty of this
clinical scenario rather than a specific Al limitation. The Al's
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