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SUMMARY: 
This randomized trial evaluates a smartphone measurement application as an adjunct for body-smartphone measurement application before percutaneous vertebroplasty. The approach shortened localization and correction times and reduced the number of fluoroscopic images acquired during localization, without a statistically significant difference in initial localization accuracy or 3-month pain and disability outcomes.

ABSTRACT: 
Accurate vertebral-level localization before percutaneous vertebroplasty (PVP) commonly requires fluoroscopic confirmation, and repeated imaging may prolong the localization workflow. This single-center randomized controlled trial evaluated a smartphone measurement application for transmitting distance data obtained from imaging to the patient's back to assess its clinical efficacy. A smartphone with a rear-facing LiDAR sensor was used as the measurement instrument. The LiDAR’s principal function is to acquire high-precision three-dimensional point-cloud data of terrain, object surfaces, and the surrounding environment, thereby enabling accurate determination of object outlines and structures, measurement of distances, and detection of dynamic changes in ground objects. From October 2025 to March 2026, 43 patients with acute thoracolumbar osteoporotic vertebral compression fractures were allocated using a random-number table to smartphone measurement application (n = 21) or conventional anatomical localization with C-arm verification (n = 22). Outcomes included localization time (T0), the number of fluoroscopic images acquired during T0, initial localization accuracy, additional time required to correct a localization deviation (T1), and Visual Analog Scale (VAS) and Oswestry Disability Index (ODI) scores before surgery and at 3 months. Key findings: Compared with conventional localization, the smartphone measurement application resulted in a shorter T0, fewer fluoroscopic images during T0, and a shorter T1 (all P < 0.05). Initial localization accuracy was numerically higher in the smartphone measurement application group, but the between-group difference was not statistically significant (P > 0.05). VAS and ODI scores improved within both groups, with no significant between-group differences at 3 months (P > 0.05). The smartphone measurement application for smartphone measurement application improved localization efficiency without a detectable difference in initial accuracy or short-term clinical outcomes. Because radiation dose was not directly quantified, fewer fluoroscopic images should not be interpreted as proof of a proportional dose reduction.

INTRODUCTION: 
Osteoporotic vertebral compression fractures (OVCFs) are common in older adults and can cause pain, impaired mobility, reduced quality of life, spinal deformity, and, in severe cases, neurological impairment¹,². Percutaneous vertebroplasty (PVP) is widely used in selected patients with painful OVCFs because it can provide rapid pain relief with limited tissue trauma³,⁴. Accurate identification of the fractured vertebral level is essential before needle placement, particularly in the thoracolumbar region, where an inaccurate skin mark may lead to repeated fluoroscopic checks, interruption of the operative workflow, or wrong-level procedures⁵,⁶.

Conventional localization combines palpation of anatomical landmarks, manual distance estimation, and C-arm fluoroscopic confirmation⁷. A standard surgical ruler is simple, inexpensive, available as either a reusable sterilizable device or a single-use sterile device, and independent of software, battery power, and ambient lighting. Nevertheless, reusable rulers require cleaning and sterilization after each use, resulting in reprocessing costs. Ruler markings may also become worn over time, and dedicated stainless-steel surgical rulers may not be routinely available in every operating room. Ruler-based measurement further requires manual alignment between anatomical landmarks and measurement over a curved body surface. C-arm fluoroscopy provides direct vertebral confirmation but contributes to ionizing radiation exposure and requires repeated equipment positioning and experienced operation⁸. Advanced three-dimensional navigation and intraoperative computed tomography (CT) provide more sophisticated spatial guidance but require specialized equipment, additional setup, and substantial cost⁹.

Smartphones are widely available and portable, and a smartphone measurement application may allow an imaging-derived distance to be transferred to the body surface without preparing a dedicated measuring instrument¹⁰. Continuous on-screen distance display and device-orientation feedback may reduce dependence on subjective distance estimation and help standardize this transfer¹¹. The intended advantage is therefore operational convenience and workflow standardization rather than established superiority over a sterile ruler or advanced navigation. However, this potential advantage is device-dependent because light detection and ranging (LiDAR)-equipped smartphones and devices using camera-based optical estimation or other depth-sensing technologies rely on different hardware and algorithms¹²,¹³. Device model, software version, calibration, operator training, patient body habitus, lighting, and device orientation may therefore affect reproducibility.

The present study evaluated a protocol in which the vertical distance from the posterior superior iliac spine to the spinous process at the fractured vertebral level was measured on preoperative imaging and transferred to the patient’s back using a smartphone measurement application. The method was compared with conventional anatomical localization followed by C-arm confirmation. The hypothesis was that the smartphone measurement application would shorten localization and correction times and reduce the number of fluoroscopic images acquired during localization without compromising initial localization accuracy or short-term clinical outcomes.

PROTOCOL: 
The study was approved by the Ethics Committee of the Second Hospital of Lanzhou University (Approval no. 2025A-1064) and was conducted in accordance with institutional requirements for research involving human participants. All participants, or their legally authorized representatives, provided written informed consent for research participation, follow-up data collection, and publication of de-identified clinical images. The tools used for this protocol are listed in the Table of Materials. 

1. Study design, setting, and participants
This single-center randomized controlled trial enrolled patients treated at the Second Hospital of Lanzhou University from October 2025 to March 2026. Eligible patients were randomly allocated to the smartphone measurement application group (n = 21) or the conventional localization group (n = 22). All procedures in both groups were performed by the same senior spine surgeon to reduce between-operator procedural variability.

Patients were eligible for inclusion if they had an acute thoracolumbar osteoporotic vertebral compression fracture involving T10–L2 that was confirmed by clinical examination, radiography, and preoperative imaging; a symptom duration of < 3 months; low-back pain corresponding to the fractured level; a Visual Analog Scale score > 4; an inadequate response to conservative treatment; a bone mineral density T-score of ≤−2.5 measured by dual-energy X-ray absorptiometry (DXA), consistent with osteoporosis; an absolute or relative indication for percutaneous vertebroplasty (PVP); and written informed consent provided by the patient or a legally authorized representative.

Patients were excluded if they had a pathological fracture caused by malignancy, multiple myeloma, infection, or another defined cause; disruption of the posterior vertebral wall; pedicle fracture; retropulsion into the spinal canal with spinal cord or nerve-root compression; burst fracture; vertebral collapse > 75%; severe cardiopulmonary, neurological, hepatic, renal, or coagulation disorders; previous spinal surgery at the same or an adjacent level; severe cognitive or psychiatric impairment preventing completion of perioperative assessment or follow-up; allergy to a contrast agent used during surgery; or pregnancy or lactation.

2. Randomization and allocation
A random sequence was generated from a random-number table by a clinician from another department who was not involved in the study. Eligible patients were allocated in a 1:1 ratio to either the smartphone measurement application group or the conventional localization group. Allocation concealment was maintained using sealed, opaque, consecutively numbered envelopes. Each envelope containing the group assignment was opened by the circulating nurse in the operating room only after written informed consent had been obtained. Because the localization procedures were visibly different, the operating surgeon could not be blinded to group assignment.

3. Smartphone measurement application calibration and operator training
A single depth-sensing smartphone and a single operating system version were used for each patient in the smartphone measurement application group. Calibration of the smartphone measurement application was required before each clinical measurement.

The calibration procedure was performed as follows. First, a standard 20 cm physical ruler was used as the reference distance. Second, calibration was performed indoors under stable lighting and room-temperature conditions to reduce environmental variability. Third, a single well-trained operator placed the smartphone at the ruler origin and moved it to the 20 cm mark, and the value reported by the measurement application was recorded. This sequence was repeated at least twice before each clinical measurement to ensure repeatability.

Measurements were accepted only when the discrepancy between the application reading and the physical ruler was < 5 mm. Representative repeated calibration measurements are shown in Figure 1.

Screen brightness and autofocus settings were maintained throughout all calibration and clinical sessions to minimize variation caused by ambient illumination. Standardized training covered application use, scanning-plane selection, maintenance of device orientation, distance transfer, and endpoint marking.

[Place Figure 1 here]

4. Preoperative imaging measurement
Preoperative sagittal computed tomography (CT) reconstructions were reviewed using a medical imaging archiving and communication system. The midsagittal image showing the full length of the sacrum was identified first. The image series was then advanced laterally until the sacrum narrowed and the posterior ilium appeared (Figure 2).

The posterior superior iliac spine was identified where the posterior ilium intersected or separated from the sacrum. The vertical distance from the posterior superior iliac spine to the spinous process at the fractured vertebral level was then measured. In the representative case shown in Figure 3, the displayed distance was 190.43 mm.

[Place Figure 2 here]

[Place Figure 3 here]

5. Smartphone measurement application for body-surface localization
Before localization, the smartphone case and camera lens were cleaned with alcohol wipes. The patient was placed prone in a neutral position on the spinal operating table. The posterior superior iliac spine nearest the surgeon was palpated and marked (Figure 4).

The smartphone screen was positioned facing the surgeon, the measurement origin was placed at the marked posterior superior iliac spine, and the smartphone's long axis was maintained parallel to the patient’s back. The smartphone was moved slowly toward the head in the coronal plane while large horizontal fluctuations were avoided (Figure 5).

When the displayed distance corresponded to the preoperative imaging measurement, the endpoint was marked on the skin. Using this endpoint as a landmark, the presumed spinous process at the level of fracture was identified. A syringe needle was placed adjacent to the spinous process as a radiopaque marker (Figure 6).

Lateral fluoroscopy was then performed to verify the vertebral level before PVP (Figure 7). The smartphone served only as an auxiliary localization tool and did not replace fluoroscopic confirmation.

[Place Figure 4 here]

[Place Figure 5 here]
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[Place Figure 7 here]

6. Conventional localization
In the conventional localization group, the same surgeon estimated the target vertebral level using the posterior superior iliac spine, palpable spinous processes, interspinous spaces, and clinical experience. The estimated site was marked on the skin and checked using lateral fluoroscopy.

When the mark did not correspond to the intended vertebral level, the mark was adjusted and fluoroscopy was repeated until the correct level was confirmed.

7. Outcomes and time recording
T0, defined as localization time, was measured from the start of intraoperative localization, when the surgeon began marking the skin, until completion of anteroposterior and lateral fluoroscopy confirming the fractured vertebral level.

In the smartphone measurement application group, T0 included palpation of the posterior superior iliac spine and initiation of the smartphone measurement application. In the conventional localization group, T0 began with freehand marking based on anatomical landmarks.
T1, defined as correction time, represented the additional time required for remarking and repeated fluoroscopic verification when the initial skin marker did not overlie the fractured vertebral body. T1 was recorded as 0 when the initial localization was accurate.

T0, T1, and the number of fluoroscopic images were recorded prospectively by a circulating operating room nurse who was not involved in the surgical procedure. A standard stopwatch and data-collection sheet were used.

Clinical outcomes included Visual Analog Scale (VAS) and Oswestry Disability Index (ODI) scores obtained before surgery and at 3 months. The number of fluoroscopic images was recorded only during the localization phase. Only the number of fluoroscopic images obtained to locate the fractured vertebral level was recorded; fluoroscopy time and actual radiation dose were not collected.

8. Statistical analysis
Statistical analyses were performed using statistical analysis software. Approximately normally distributed continuous variables were summarized as mean ± standard deviation, and non-normally distributed variables were summarized as median and interquartile range.

Between-group continuous variables were compared using independent-samples t-tests or Mann–Whitney U tests, as appropriate. Categorical variables were reported as n (%) and compared using the chi-square test or Fisher’s exact test when expected cell counts were small. All tests were two-sided, and P < 0.05 was considered statistically significant.

RESULTS: 
Participant characteristics
Forty-three patients were included, with 21 assigned to the smartphone measurement application group and 22 assigned to the conventional localization group. In the smartphone measurement application and conventional localization groups, respectively, mean age was 72.24 ± 5.12 years (smartphone group n = 21) and 73.00 ± 5.35 years (conventional group n = 22), the male-to-female distribution was 10:11 and 11:11, body mass index (BMI) was 23.41 ± 2.33 kg/m² (smartphone group n = 21) and 23.54 ± 2.14 kg/m² (conventional group n = 22), and bone mineral density T-score was −2.80 ± 0.16 (smartphone group n = 21) and −2.77 ± 0.14 (conventional group n = 22). No significant between-group differences were observed for these baseline variables (all P > 0.05; Table 1).

[Place Table 1 here]

Intraoperative observational indicators
Compared with the conventional localization group, the smartphone measurement application group had a shorter T0 (1.52 ± 0.60 (smartphone group n = 21) min vs. 3.77 ± 1.11 min (conventional group n = 22)), P < 0.001; fewer fluoroscopic images acquired during T0 (2.33 ± 0.58 (smartphone group n = 21) vs. 3.18 ± 1.05 (conventional group n = 22)), P < 0.001; and a shorter T1 (0.14 ± 0.36 min (smartphone group n = 21) vs. 0.77 ± 0.97 min (conventional group n = 22)), P=0.02. Initial localization accuracy was 20/21 (95.24%) in the smartphone measurement application group (n = 21) and 18/22 (81.82%) in the conventional localization group (n = 22), P = 0.34. Significant between-group differences were observed for T0, fluoroscopic image count, and T1, but not for initial localization accuracy (Table 2). All data in Table 2 are quantitative except for the initial localization accuracy. These findings indicate greater localization efficiency with the smartphone measurement application but do not demonstrate superior initial accuracy or a quantified reduction in radiation dose.

[Place Table 2 here]

Pain and disability outcomes
In the smartphone measurement application group (n = 21), Oswestry Disability Index (ODI) scores decreased from 46.10 ± 3.02 before surgery to 19.05 ± 2.96 at 3 months after surgery. In the conventional localization group (n = 22), ODI scores decreased from 45.27 ± 3.12 to 18.23 ± 3.04. Visual Analog Scale (VAS) scores decreased from 6.62 ± 0.86 to 2.62 ± 0.67 in the smartphone measurement application group (n = 21) and from 6.41 ± 0.85 to 2.68 ± 0.72 in the conventional localization group (n = 22). No significant between-group differences were observed at either time point in Table 3 (ODI preoperative, P=0.38; ODI at 3 months, P= 0.37; VAS preoperative, P=0.43; VAS at 3 months,  P=0.77).
[bookmark: _GoBack][Place Table 3 here]

DATA AVAILABILITY:
The de-identified participant-level dataset underlying Tables 1–3 is publicly available in Zenodo: https://doi.org/10.5281/zenodo.21827327. The record contains one row per participant and excludes direct identifiers, dates of birth, medical record numbers, contact details, and identifiable imaging.

FIGURE AND TABLE LEGENDS:
Figure 1: Preoperative calibration of the smartphone measurement application. (1A, 1B) Two repeated measurements of a 20 cm physical ruler were performed under stable indoor conditions. Both displayed measurements were 20 cm. Clinical use required a discrepancy of < 5 mm (The blue text in the lower-left corner of the ruler reads “Fuleyou”. Centrally on the ruler, the upper line of black text (left to right) reads: Name: Wound Length: Width: Depth:, The lower central line of black text (left to right) reads: Wound Location: Number of dressing changes: Time:).

Figure 2: Preoperative sagittal computed tomography reconstruction used to identify the fractured thoracolumbar vertebral level and define the measurement plane. The green dots indicate the posterior superior iliac spine. Patient identifiers and institutional metadata have been removed.

Figure 3: Preoperative sagittal computed tomography reconstruction showing measurement of the vertical distance from the posterior superior iliac spine reference level to the fractured vertebral level. The displayed distance was 190.43 mm. The green line represents the distance measured on the preoperative picture archiving and communication system from the posterior superior iliac spine to the spinous process at the fractured level. Patient identifiers and institutional metadata have been removed.

Figure 4: Intraoperative marking of the posterior superior iliac spine. The yellow marker indicates the palpated landmark. The left side of the image is oriented toward the patient’s head, and the right side is oriented toward the patient’s feet.

Figure 5: Transfer of the preoperative distance to the patient’s back using the smartphone measurement application. The application displays a transfer distance of 19 cm, and the yellow dots indicate the endpoint of the transfer. The left side of the image is oriented toward the patient’s head, and the right side is oriented toward the patient’s feet.

Figure 6: Placement of a radiopaque marker adjacent to the presumed T12 spinous process. The red marker denotes the presumed fractured segment, and the yellow marker denotes the reference point corresponding to the transferred endpoint. A 10 mL syringe needle was placed adjacent to the fractured segment for fluoroscopic verification.

Figure 7: Anonymized lateral C-arm fluoroscopic confirmation of the marked T12 level. The red line indicates the position of the radiopaque marker, represented by a 10 mL syringe needle. Institutional names, patient identifiers, dates, and procedural metadata have been removed.

Table 1: Baseline characteristics of the smartphone measurement application and conventional localization groups. Age, sex, body mass index, and bone mineral density T-score are presented for the smartphone measurement application group (n = 21) and conventional localization group (n = 22). Continuous variables are reported as mean ± standard deviation, and sex is reported as n (%). Between-group comparisons were performed using two-sided independent-samples t-tests for continuous variables and Pearson’s chi-square test for sex. BMI, body mass index; P, two-sided probability value.

Table 2: Intraoperative observational indicators in the smartphone measurement application and conventional localization groups. Localization time (T0), fluoroscopic image count during T0, initial localization accuracy, and correction time (T1) are presented for the smartphone measurement application group (n = 21) and conventional localization group (n = 22). Data are reported as mean ± standard deviation or n/N (%), as appropriate. T0 was defined as the time from the start of skin marking to completion of fluoroscopic confirmation of the fractured vertebral level. T1 was defined as the additional time required for remarking and repeated fluoroscopic verification after an inaccurate initial mark and was recorded as 0 when the initial localization was accurate. Two-sided independent-samples t-tests were used for T0, fluoroscopic image count, and T1. Initial localization accuracy was compared using a two-sided Fisher’s exact test. P, two-sided probability value.

Table 3: Between-group comparisons of Visual Analog Scale and Oswestry Disability Index scores before surgery and at 3 months. Visual Analog Scale and Oswestry Disability Index scores are presented for the smartphone measurement application group (n = 21) and conventional localization group (n = 22) before surgery and at 3 months after surgery. Data are reported as mean ± standard deviation. Between-group comparisons at each time point were performed using two-sided independent-samples t-tests. ODI, Oswestry Disability Index; VAS, Visual Analog Scale; P, two-sided probability value.

DISCUSSION:
This randomized study evaluated a smartphone-based measurement application for transferring a preoperatively measured vertebral-level distance to the body surface prior to percutaneous vertebroplasty (PVP). Use of the smartphone measurement application shortened localization time, reduced the number of fluoroscopic images acquired during localization, and reduced the additional time required to correct localization deviations. Initial localization accuracy was numerically higher in the smartphone measurement application group but did not differ significantly between groups. Visual Analog Scale (VAS) and Oswestry Disability Index (ODI) outcomes were also similar between groups at 3 months. The principal finding was therefore improved efficiency in the localization workflow rather than demonstrated superiority in accuracy or clinical efficacy.

Conventional localization relies on palpable anatomical landmarks, spatial judgment, and fluoroscopic verification¹⁴. In practice, C-arm positioning and repeated image acquisition can interrupt the operative workflow and expose patients and staff to additional ionizing radiation¹⁵. The smartphone measurement application converts a distance measured in image space into a body-surface reference and provides a continuous distance display during transfer. This approach may reduce subjective distance estimation and the need for repeated corrections. Nevertheless, the method remains dependent on correct landmark identification and requires fluoroscopic confirmation before needle placement.

The present study did not directly compare localization using the smartphone measurement application with localization using a standard sterile surgical ruler. A standard sterile surgical ruler offers advantages including simplicity, low cost, sterility, and independence from software, battery power, and ambient lighting. The potential technical advantages of the smartphone measurement application include real-time digital measurement with automatic distance calculation, reduced reliance on manual alignment, and reduced potential for visual estimation errors. Reusable rulers also require cleaning and disinfection after each use, which may increase reprocessing requirements. Their markings may deteriorate over time, and dedicated stainless-steel surgical rulers may not be available in every operating room. The smartphone measurement application may therefore reduce the need to prepare, clean, or disinfect a dedicated measuring instrument for each case. However, the current findings do not establish technical or clinical superiority over a standard surgical ruler. A direct comparison between smartphone-assisted measurement and conventional anatomical localization is warranted.

The lower number of fluoroscopic images acquired during localization is relevant to workflow efficiency and is directionally consistent with the as low as reasonably achievable (ALARA) principle¹⁴. However, fluoroscopic image count is only a proxy for radiation exposure. Dose per exposure varies according to patient body habitus, beam geometry, equipment settings, collimation, magnification, and acquisition mode¹⁵. Because no direct dosimetric endpoint was reported, the findings should be described as fewer fluoroscopic images during localization rather than a quantified reduction in radiation dose. Future studies should record fluoroscopy time, dose-area product, reference air kerma, and, when feasible, staff dosimetry during both the localization phase and the complete procedure.

Generalizability is influenced by device characteristics, operator technique, and environmental conditions. Rear-facing LiDAR sensors became commercially available selectively, whereas other smartphones rely on camera-based augmented-reality algorithms, time-of-flight sensors, structured-light systems, or other depth-sensing technologies to estimate distance. Differences in sensing hardware and software algorithms may therefore affect measurement accuracy and limit cross-device applicability.

Operator consistency is another important consideration. A single-device, single-operator workflow was used to reduce procedural heterogeneity. Nevertheless, measurements remain sensitive to device orientation, scanning speed, and consistency in identifying bony landmarks. These factors may introduce variability when different operators perform the procedure. Ambient lighting and patient posture may also affect measurement performance. Reproducible use therefore requires reporting the exact device model and software version, applying standardized calibration procedures, and ensuring adequate operator training. Larger multicenter trials should prespecify the devices and operators used and establish standardized calibration protocols.

Patient morphology may further affect landmark palpability and transfer of a measured distance over the body surface¹⁶,¹⁷. Atik and Gul assessed sarcopenia using psoas muscle measurements in patients with osteoporotic vertebral compression fractures, illustrating the body-composition heterogeneity present in this population¹⁸. The present study did not measure psoas muscle area or diagnose sarcopenia; therefore, direct comparison according to sarcopenia status was not possible. Future studies should evaluate whether body mass index, soft-tissue thickness, psoas muscle area, spinal deformity, or sarcopenia affects localization error or the benefit of smartphone measurement applications.

Several procedural precautions are important. The device should be maintained in a stable coronal orientation, and large lateral deviations should be corrected before measurement continues. Ambient glare and abrupt lighting changes should be minimized, and consistent focus and display settings should be maintained. The posterior superior iliac spine and the target spinous process level must be accurately identified because the application cannot compensate for an incorrect anatomical reference point. In patients with obesity, skin folds, or indistinct surface landmarks, palpation and imaging information should be interpreted together. Key landmarks should be marked temporarily and reconfirmed before fluoroscopy to reduce errors caused by patient movement¹⁹. The localization workflow must not compromise aseptic technique. The smartphone serves as an auxiliary prelocalization device and should not enter the sterile field unless it is covered and handled in accordance with institutional infection-control procedures. For multilevel or anatomically complex fractures, each target level should be verified fluoroscopically²⁰.

This study has several limitations. First, the single-center design and small sample size limit precision and generalizability, particularly for patients with severe deformity or other anatomical variation. Second, the method depends on palpable bony landmarks and may be affected by obesity, soft-tissue thickness, skin folds, or movement between imaging measurement and operative positioning. Third, no direct comparison was performed with a sterile ruler, three-dimensional navigation, or intraoperative computed tomography navigation. Fourth, a single experienced surgeon and one smartphone workflow were used, and interoperator reproducibility, the learning curve, and performance across different device models were not assessed. Fifth, the sample was insufficient for robust analysis of single-level versus multilevel OVCF. Sixth, radiation assessment was limited to the number of fluoroscopic images acquired during localization, and fluoroscopy time and actual radiation dose were not collected. Larger multicenter trials should include multiple devices and operators, direct dosimetry, standardized calibration, prespecified morphology-related subgroup analyses, and an appropriate ruler-based comparator.

Conclusion
The smartphone measurement application shortened localization and correction times and reduced the number of fluoroscopic images acquired during the localization phase of PVP, without a statistically significant difference in initial localization accuracy or 3-month pain and disability outcomes. The method may serve as a low-cost workflow adjunct when device-specific calibration, anatomical assessment, aseptic precautions, and fluoroscopic confirmation are retained. These findings do not establish superiority over advanced navigation and do not directly demonstrate a reduction in radiation dose. Larger multicenter studies using multiple devices and operators, direct dosimetry, and appropriate comparators are warranted.
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