Supplementary Material
Routine perioperative radiographs for early risk stratification of femoral head osteonecrosis after femoral neck fracture fixation: a retrospective cohort study
Clinical-variable coding
Reduction quality was retrieved from the clinical database as the binary assessment documented during routine postoperative evaluation of the AP and lateral radiographs. The original categories, “good” and “poor”, were retained and reviewed by a senior orthopaedic surgeon; no new quantitative threshold was imposed retrospectively.
S1 Image enhancement and intensity normalization
Before DCP enhancement, a grayscale auto-curve adjustment mapped the 0.5th and 99.5th intensity percentiles to the working range and adjusted the median intensity to 0.5 by a gamma transformation; gamma was constrained to 0.4–2.5.
The dark channel prior (DCP) procedure was used as an image-enhancement approximation, not a physical model of X-ray formation. A grayscale image was replicated across three identical channels. For channel c, the enhancement formulation was
Iᶜ(x) = Jᶜ(x)t(x) + Aᶜ[1 − t(x)].
The dark channel was obtained by local minimum filtering:
I_dark(x) = min_{y∈Ωₛ(x)} min_c Iᶜ(y).
The global veiling intensity Aᶜ was the mean intensity over pixels with the highest dark-channel values. The initial transmission estimate was
t₀(x) = 1 − ω min_{y∈Ωₛ(x)} min_c [Iᶜ(y)/Aᶜ].
Guided filtering used the grayscale image G as guidance, with local coefficients
aₖ = cov_ωₖ(G,t₀)/[var_ωₖ(G)+εg],     bₖ = t̄₀,ωₖ − aₖḠωₖ,
followed by t(x) = ā(x)G(x) + b̄(x). Reconstruction used
Jᶜ(x) = [Iᶜ(x) − Aᶜ]/max[t(x),t_min] + Aᶜ.
The output was clipped to [0,255], rescaled to [0,1], and converted to grayscale.
Table S1 DCP parameters
	Parameter
	Setting

	Dark-channel window
	15 × 15

	Sampling fraction for veiling intensity
	0.001 (0.1%)

	Enhancement coefficient ω
	0.85

	Guided-filter window
	40 × 40

	Guided-filter regularization εg
	10⁻³

	Minimum transmission
	0.1


Enhanced images were resized to 224 × 224 pixels and normalized using a fixed mean of 0.266 and standard deviation of 0.219 on intensities scaled to [0,1]. These statistics were calculated from original postoperative and virtual implant removal (VRI) images of the 727 development-set patients.
S2 Network architecture details
A modified ResNet-50 initialized with ImageNet-1K weights served as the single-view prediction model and the shared feature extractor for multi-view models. The first-layer kernels were averaged across the three pretrained channels to accommodate grayscale inputs. The initial 7 × 7 convolution used stride 1 instead of 2, and max-pooling was removed. Each image produced a 2048-dimensional feature vector.
For multi-view models, layer-normalized branch features were concatenated into 4096 dimensions for dual-view input or 8192 dimensions for quad-view input. A two-layer classification head projected the fused features to 512 dimensions, followed by ReLU, dropout (0.5), and a single output logit. Sigmoid activation produced the risk probability.
S3 Training settings and augmentation
Models were implemented in PyTorch and trained on an NVIDIA RTX 4090 GPU (24 GB).
Table S2 Training settings
	Parameter
	Setting

	Batch size
	8 for single-view; 4 for multi-view

	Framework / optimizer
	PyTorch / AdamW

	Initial learning rate
	5 × 10⁻⁶

	Weight decay
	1 × 10⁻⁵

	Maximum epochs
	100

	Early stopping
	Validation loss; patience 15 epochs

	Learning-rate schedule
	Cosine; final rate 0.1% of initial

	Loss
	BCE with logits; positive-class weight 3.0

	Checkpoint selection
	Minimum validation loss


Stochastic augmentation was applied separately to each input image during training. Each augmentation in Table S3 had a probability of 0.3. Images were resized before augmentation, and geometric transformations used constant zero padding. Validation and test images underwent deterministic resizing and normalization.
Table S3 Training augmentation
	Augmentation
	Parameter setting

	CLAHE
	Clip limit 2.0

	Brightness and contrast
	Limits ±0.2 for each

	Rotation
	±20°

	Gaussian blur
	Kernel size 3–11

	Gaussian noise
	Variance 10–50

	Coarse dropout
	1–2 holes; height and width 8–24 pixels; fill 0

	Multiplicative noise
	Library default parameters

	Image compression
	Quality 70–100

	Shift, scale and rotation
	Shift ±0.1; scale ±0.1; rotation ±45°


Supplementary figures
Supplementary Fig. S1. Radiograph before and after dark-channel-prior enhancement
The same cropped radiograph of the femoral head–neck region (a) before and (b) after dark-channel-prior (DCP) enhancement. The paired images illustrate the change in appearance caused by preprocessing; they do not demonstrate improved prediction.
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Supplementary Fig. S2. Example of virtual implant removal
Postoperative radiographs and corresponding virtual implant removal (VRI) reconstructions from one patient: (a1) original postoperative AP view, (a2) its VRI reconstruction, (b1) original postoperative lateral view and (b2) its VRI reconstruction. VRI images were used only for secondary analyses. AP, anteroposterior; VRI, virtual implant removal.
[image: ]
1
image1.png




image2.png

