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Abstract
Purpose

Postural variation during assisted seated radiography may affect the accuracy of pelvic obliquity (PO)
measurements in non-ambulatory patients with neuromuscular scoliosis. This study compared the
Osebold and Maloney methods.

Methods

Postoperative radiographs obtained in patients aged ≥15 years were retrospectively evaluated in 35 non-
ambulatory patients with neuromuscular scoliosis who had undergone posterior spinal fusion from the
upper thoracic spine to the pelvis. PO was measured on threepostoperative seated whole-spine
radiographs from distinct follow-up visits by three independent raters using the Osebold and Maloney
methods. Intersession variability was defined as the difference between the maximum and minimum PO
values (ΔPO). Test-retest reliability was assessed using intraclass correlation coefficients (ICC) and
minimal detectable change at the 95% confidence level (MDC₉₅). Between-method agreement and
systematic bias were evaluated using paired analyses and Bland-Altman plots.

Results

Median ΔPO was significantly smaller with the Maloney method than with the Osebold method (2.5° vs
8.0°, p < 0.001). The Maloney method exhibited excellent intersession reliability (ICC: 0.991 vs 0.885) and
a lower MDC₉₅ (4.9° vs 13.3°). Using a predefined clinical threshold of ΔPO < 5°, the Maloney method
yielded a higher clinical success rate (91% vs 32%). Comparison analyses revealed a consistent
directional bias, with the Osebold method yielding smaller PO values with wide limits of agreement.

Conclusion

The Maloney method yielded more stable, readily detectable results, whereas the Osebold method
tended to systematically underestimate PO. These findings support the use of the Maloney method for
longitudinal PO assessment.

Introduction
Neuromuscular scoliosis (NMS) is often characterized by progressive spinal deformity, marked coronal
imbalance, and pelvic obliquity (PO), particularly in non-ambulatory patients [1]. Progressive PO reduces
trunk stability and contributes to impaired sitting tolerance, increased pain, pressure injuries, and
caregiver burden [2–4]. As deformity advances, surgical correction is often required. However, whether
fusion should be extended to the pelvis remains debated [5]. Substantial preoperative PO is widely
considered an indication for pelvic fixation, and accurate PO assessment is essential for selecting
appropriate distal fusion levels [6]. Furthermore, postoperative progression of residual PO, particularly
after floating fusion in which the construct does not include pelvic fixation, may result in pelvic
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imbalance and necessitate revision surgery [7]. Therefore, precise PO evaluation is required throughout
perioperative management.

Obtaining standardized seated anteroposterior radiographs in non-ambulatory patients with NMS is
technically challenging. These patients often require assistance to maintain an upright posture, and the
degree of support may vary from one radiographic session to another. Even minor differences in seated
posture can alter measured PO angles. Therefore, clarifying the impact of intersession posture
differences on PO measurements is clinically relevant for accurate preoperative assessment and reliable
postoperative monitoring. Among the various methods reported for assessing PO, the Osebold and
Maloney methods are most widely used in clinical practice [8–10]. The Osebold method defines PO as
the angle between the superior iliac crest line and a horizontal baseline [11] (Fig. 1), while the Maloney
method is defined as the angle between a vertical line perpendicular to the line connecting both iliac
crests and the line connecting the centers of T1 and S1 [12] (Fig. 1). Both methods have demonstrated
comparable inter- and intraobserver reliability in previous studies, with no clear superiority of either
method [8, 13]. Nonetheless, the extent to which posture-related variation affects measurement
consistency has not been fully investigated. In the Osebold method, the superior iliac crest line is
referenced to a fixed horizontal baseline, making the measurement sensitive to small differences in trunk
support (Fig. 1). Conversely, in the Maloney method, both the T1-S1 axis and the iliac crest line shift in a
coordinated manner with posture changes, which may yield smaller intersession angular differences
compared to that via the Osebold method (Fig. 1). Accordingly, it was hypothesized that the Maloney
method is less influenced by posture than the Osebold method and may be more suitable for capturing
longitudinal PO change. To test this hypothesis, this study aimed to compare the intersession variability
of the Osebold and Maloney methods in non-ambulatory patients with NMS treated with spinal fusion
with pelvic fixation and to evaluate the stability of each method across repeated radiographic sessions.

Clarifying the intersession test–retest reliability of these methods is essential not only for accurate
preoperative assessment of PO and appropriate selection of distal fusion levels, but also for determining
whether postoperative changes in PO reflect true deformity progression rather than postural variation.

Materials and Methods
Patient Selection

This retrospective observational study was conducted at two high-volume spine centers and included
non-ambulatory patients with NMS who underwent posterior spinal fusion extending from the upper
thoracic spine to the pelvis. Institutional review board approval was obtained at both participating
institutions, and informed consent was obtained from patients or their legal guardians, as required. In
accordance with institutional ethics committee regulations, an opt-out consent procedure was
implemented for earlier cases. Patients were eligible for inclusion if they met the following criteria: (1)
previous posterior spinal fusion with pelvic fixation; (2) at least three seated anteroposterior whole-spine
radiographs obtained at distinct postoperative follow-up visits; (3) 15 years of age or older at the time of
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imaging; and (4) no radiographic evidence of postoperative instrumentation failure, including screw
loosening or implant breakage. This cohort was selected to support the primary study objective, which
was to evaluate the stability of different PO measurement methods. Restricting the analysis to patients
with intact pelvic fixation minimized the likelihood of true longitudinal changes in PO due to crankshaft
phenomenon, distal adding-on, or other mechanical failures, thereby allowing observed differences to
predominantly reflect measurement variability rather than true anatomical change. Patients were
excluded if they had an insufficient number of postoperative radiographs or radiographic data that were
incomplete or inadequate for longitudinal analysis.

A power analysis was performed to determine the minimum sample size required for reliability
assessment. An expected intraclass correlation coefficient (ICC) of 0.90 was assumed based on prior
reliability studies of PO measurements. Using a minimum acceptable ICC, significance level, and power
of 0.75, 0.05, and 0.80, respectively, the required sample size for a two-way random-effects ICC model
was estimated to be at least 24 patients evaluated by each rater [14]. Thus, radiographic images from 35
patients meeting the predefined inclusion criteria were extracted and analyzed, exceeding this threshold
and providing adequate statistical precision. Baseline demographic and clinical characteristics of the
study cohort are summarized in Table 1.

Radiographic Measurements

All radiographs were acquired according to standardized institutional clinical protocols, with efforts to
maintain neutral pelvic alignment and symmetric weight-bearing, as tolerated. In patients unable to
maintain an independent seated position, the radiology technician provided support during radiographic
imaging. PO was measured by a team of three board-certified spine surgeons (D.U., H.N., and Y.T.). All
evaluators were blinded to the clinical data and each other’s measurements. Each surgeon
independently measured PO at three postoperative time points for each patient using a digital
workstation for Digital Imaging and Communications in Medicine format. The established methods were
applied, namely the Osebold and Maloney methods (Figure 1), as described above.

Outcomes Measures

The primary outcome was intersession variability in PO across the three postoperative time points. This
was quantified as the difference between the maximum and minimum PO values (ΔPO) for each
patient–rater-measurement method combination. Secondary outcomes included the clinical success
rate (proportion of measurements with ΔPO < 5°, a threshold selected based on prior studies
demonstrating that the intrinsic measurement error of spinal angular parameters such as the Cobb angle
is approximately 5° [15]), the intersession test-retest reliability of each measurement method, and
agreement between the two methods for absolute PO measurements.

Statistical Analysis
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Intersession PO variability (ΔPO values) for the Osebold and Maloney methods was compared within
each patient–rater combination using a paired Wilcoxon signed-rank test. Values were expressed as
median [interquartile range], and between-method differences were evaluated using the Hodges–
Lehmann median difference with corresponding 95% confidence intervals. Clinical success rates were
compared between methods using McNemar’s test.

Intersession test–retest reliability was assessed using a two-way random-effects, absolute-agreement
ICC, with subjects defined as patient–rater units. Interpretation of ICC values followed established
criteria, in which ICC < 0.50, 0.50–0.75, 0.75–0.90, and > 0.90 is considered poor, moderate, good, and
excellent reliability, respectively [16]. The standard error of measurement (SEM) was calculated as the
square root of the mean square error obtained from the corresponding analysis of variance model, and
the minimal detectable change at the 95% confidence level (MDC₉₅) was determined as 1.96 × √2 × SEM
[17]. Moreover, interobserver reliability was evaluated using ICC after pooling all time points across
raters. Agreement between the Maloney and Osebold methods was further assessed using Bland–
Altman analysis, reporting the mean difference and 95% limits of agreement. Proportional bias was
examined by regressing the between-method difference (Maloney − Osebold) on the average PO for each
measurement. A p-value < 0.05 was considered statistically significant. All statistical analyses were
performed using IBM SPSS Statistics for Windows, version 29 (IBM Japan Business Services Co., Tokyo,
Japan).

Results
Measurement Variability and Clinical Acceptability

Three independent raters measured PO in 35 patients using both the Maloney and Osebold methods,
resulting in 105 measurements per method. Median [IQR] ΔPO was 8.0° [4.7–11.0] with the Osebold
method and 2.5° [1.4–3.7] with the Maloney method. The median between-method difference was 5.1°
(Hodges–Lehmann estimate, 95% CI, 4.4–6.0, p < 0.001, Wilcoxon signed-rank test). Using the
predefined ΔPO threshold of <5°, the clinical success rate was significantly higher with the Maloney
method (91.4%, 96/105) than with the Osebold method (32.4%, 34/105) (p < 0.001, McNemar test)
(Table 2).

Reliability of Pelvic Obliquity Measurements

Because the number of radiographs included exceeded the minimum required by the power analysis,
reliability measurements were performed. Both methods showed high reproducibility across sessions
and raters. Intersession test-retest reliability was excellent for the Maloney method (ICC = 0.991; 95% CI,
0.987–0.993), whereas the Osebold method demonstrated lower, but still excellent, reliability (ICC =
0.885; 95% CI, 0.845–0.916). Corresponding SEM values were 1.8° and 4.8°, yielding MDC₉₅ values of
4.9° and 13.3°, respectively (Table 3). When all raters and time points were pooled, interobserver
reliability remained excellent for both methods, with ICC values of 0.945 (95% CI, 0.923–0.961) and
0.960 (95% CI, 0.945–0.971) for the Maloney and Osebold methods, respectively. Therefore, PO
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measurements were highly consistent, with the Maloney method exhibiting particularly low
measurement error and greater sensitivity to change.

Between-method systematic difference

Across all measurements (n=315), the Maloney method yielded consistently larger PO values than did
the Osebold method. The median difference (Maloney − Osebold) was 3.3° (Hodges–Lehmann: 3.6°,
95% CI 2.9°–4.3°, p<0.001 by Wilcoxon test). Bland–Altman analysis confirmed a systematic bias, with a
mean difference of 3.9° and 95% limits of agreement of −9.5° to 17.3° (Figure 2). Linear regression
further demonstrated a significant proportional bias, with between-method differences increasing with
larger PO (β = 0.20, p < 0.001). Collectively, these analyses indicated that the Maloney method
consistently measured larger PO than did the Osebold method.

Discussion
This study demonstrated that the Maloney method had smaller intersession variability, higher
intersession test-retest reliability, and a substantially lower MDC₉₅ than did the Osebold method,
suggesting greater robustness to posture-related variation. Additionally, method-comparison analyses
revealed a consistent directional bias, with the Osebold method systematically yielding smaller PO
values than the Maloney method. The wide between-method dispersion indicates that measurements
cannot be reliably substituted; therefore, the two methods should not be considered interchangeable for
surgical decision-making.

Accurate PO assessment is central to surgical decision-making in non-ambulatory patients with NMS,
particularly for selecting the distal fusion level, determining the need for pelvic fixation, and evaluating
postoperative alignment [4, 5, 18]. In clinical practice, however, standardized seated radiographs are
often difficult to obtain in this population because subtle between-session variations in sitting balance
and trunk support are common and may directly influence pelvic alignment [19]. Under these conditions,
even small changes in seated alignment can alter the orientation of the superior iliac crest line, resulting
in angular shifts with the Osebold method, which relies on a fixed horizontal reference. Conversely, the
Maloney method incorporates both the iliac crest line and the T1–S1 axis, which tend to shift in the
same direction with changes in trunk posture, thereby offsetting angular deviation. This mechanistic
difference was reflected in the reproducibility analyses: the Maloney method demonstrated markedly
smaller ΔPO and higher intersession test–retest reliability than the Osebold method. Thus, the Maloney
method may be more resilient to posture-related perturbations during seated radiography and, therefore,
may provide a more stable basis for repeated PO assessment.

The large MDC₉₅ observed with the Osebold method has implications for clinical decision-making
because it limits the ability to detect clinically meaningful change. Previous reports have often used a
threshold of approximately 10° to define clinically relevant PO progression [5, 20]. Therefore, an MDC₉₅ of
13° suggests limited sensitivity of the Osebold method for detecting changes commonly regarded as
clinically meaningful. Further, this threshold substantially exceeds the variability generally reported for
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Cobb angle assessment, for which meaningful change is typically defined as greater than 5° [15, 21].
Conversely, the smaller MDC₉₅ and greater posture-resilience of the Maloney method provide a more
reliable basis for detecting clinically relevant change over time. This interpretation is supported by our
clinical success analysis, in which 91% of Maloney measurements, compared with only 32.4% of
Osebold measurements, fell within the clinically acceptable threshold of ΔPO < 5°, indicating greater
stability of the Maloney method for postoperative monitoring.

In the present study, a consistent directional bias was observed, with the Osebold method systematically
yielding smaller PO values than the Maloney method. This finding is consistent with those of a previous
study demonstrating that the Osebold method tended to produce smaller PO values compared to the
Maloney method in coronally unbalanced spines [13]. Notably, this bias likely reflects inherent
differences between the two methods. If a patient assumed a seated posture in which the T1–S1 axis
was perfectly perpendicular to the horizontal line, the PO measured using the Osebold method would
theoretically coincide with that obtained using the Maloney method. In routine clinical settings,
nonetheless, patients tend to adopt a seated posture that balances the spine and pelvis by inclining the
spinal axis, thereby partially compensating for pelvic tilt. Consequently, PO values derived from the
Osebold method would be expected to be smaller than those obtained using the Maloney method.
Additionally, this mechanism plausibly explains the finding that the measurement discrepancy between
the Maloney and Osebold methods increased with the magnitude of PO. Accordingly, the methods are
not interchangeable, and the systematic underestimation associated with the Osebold method suggests
that the Maloney method may be more suitable for detecting subtle postoperative changes. However,
each method appears to capture distinct aspects of pelvic alignment. The Osebold method may be more
intuitive for reflecting sitting balance and functional posture. Therefore, clarifying the complementary
roles of these two approaches and establishing appropriate indications for their use in clinical practice
remain important areas for future investigation.

This study has some limitations. First, this analysis was limited to postoperative patients with
radiographically stable alignment, and it remains uncertain whether similar posture-related effects would
be observed preoperatively or in patients undergoing different fusion strategies. Second, although all
included spines were considered radiographically stable, NMS may progress even after skeletal maturity.
Therefore, subtle structural changes during follow-up cannot be fully excluded and may have partly
contributed to the observed intersession variability [22].

Conclusion
In non-ambulatory patients with NMS, the Maloney method demonstrated greater stability across
repeated seated radiographs, with smaller between-session variability and lower measurement error,
than did the Osebold method. Conversely, the Osebold method was more susceptible to systematic,
posture-dependent PO underestimation. Collectively, these findings support the Maloney method as a
more reliable basis for postoperative PO monitoring. Additionally, our results suggest that PO
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measurements obtained using the Osebold method exhibit limited reproducibility and warrant cautious
interpretation when used to assess PO.
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Tables
Table 1. Demographic and Clinical Characteristics of the Study Cohort

Characteristic n=35

Sex

     Male

     Female

 

20

15

Age at surgery, years; mean [SD] 15.2 [2.2]

Preoperative Cobb angle of main curve, degrees; mean [SD] 109.2 [22.9]

Upper Instrumented Vertebrae T1:4

T2:17

T3:14

SD, standard deviation.

Table 2.  Intersession Variability of Pelvic Obliquity Measurements Using the Osebold and Maloney
Method

Parameter Osebold Maloney Between-Method
Comparison1

p-
value2

ΔPO, mean ± SD (°) 8.1 ± 4.4 2.8 ± 1.9 � <0.001

ΔPO, median [IQR] (°) 8.0 [4.7–
11.0]

2.5 [1.4–
3.7]

5.1 (95% CI 4.4 to 6.0) <0.001

Clinical success rate3

(%)
32.4  91.4  � <0.001
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1. Hodges–Lehmann median difference (Maloney – Osebold).

2. Wilcoxon signed-rank test for within-patient comparison.

3. ΔPO < 5° defined as radiographic stability

CI, confidence interval; IQR, interquartile 

Table 3.  Intersession Test–Retest Reliability of Pelvic Obliquity Measurements Using the Osebold and
Maloney Methods

Parameter Osebold Maloney

Intersession test–retest ICC(A,1)[95% CI]1 0.885 [0.845–0.916] 0.991 [0.987–0.993]

SEM(°)2 4.78 1.77

MDC95(°)3 13.25 4.91

Interobserver ICC(A,1) 0.960 [0.945–0.971] 0.945 [0.923–0.961]

1. ICC(A,1): Two-way random-effects model, absolute agreement; assesses test–retest reliability across
sessions for each method.

2.   SEM = standard error of measurement, calculated as the square root of the mean square error from
the ANOVA model.

3. MDC95 = minimal detectable change at the 95% confidence level, calculated as 1.96 × √2 × SEM.

ICC, intraclass correlation coefficient.

Figures
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Figure 1

Representative seated anteroposterior radiographs illustrating intersession pelvic obliquity (PO)
measurements in a nonambulatory patient with neuromuscular scoliosis using the Osebold method

(A, B) and the Maloney method (C, D). (A) and (C) depict the same radiograph, whereas (B) and (D) depict
the same radiograph obtained at a different session, illustrating intersession test-retest reliability for
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each measurement method.

Figure 2

Bland–Altman plot illustrating agreement between the Maloney and Osebold methods

The solid line represents the mean difference (3.9°), and the dashed lines indicate the 95% limits of
agreement (−9.5° to 17.3°). A significant proportional bias was observed (β = 0.20, p < 0.001).
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