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Association between timing of
surgery and refracture after initial
osteoporotic fractures

Zhujie Xu**, Peng Wang?*, Yang Qiu? & Yi Liu***

Osteoporotic refracture may result from multiple risk factors. However, few studies have explored
the association between the interval from the initial fracture to surgery (i.e., the timing of surgery)
and osteoporotic refracture. This study aims to investigate the significant risk factors of osteoporotic
refracture and to provide more reliable interventions for its prevention. A total of 502 hospitalized
patients with osteoporotic fractures from January 2017 to December 2022 at Nanjing Medical
University Affiliated Wuxi People’s Hospital were retrospectively analyzed. This included 52 cases in
the refracture group and 450 cases in the non-refracture group. Univariate analysis revealed significant
differences between the refracture and non-refracture groups. These differences included age, height,
body mass index (BMI), bone mineral density (BMD), hemoglobin concentration, total serum protein
concentration, pain level, and the interval from fracture to surgery. Further binary logistic regression
and Cox proportional hazard regression both indicated that the interval from fracture to surgery,

pain level, and age were independent risk factors for refracture. According to the results of receiver
operating characteristic (ROC), the prediction accuracy of interval time was high, with area under
ROC (AUC) of 0.782, sensitivity of 63.5%, specificity of 84.4%, and threshold value of 10.5. Our study
suggests that a longer interval from initial fracture to surgery is associated with an increased risk of
refracture, with 10.5 days being the optimal threshold based on ROC analysis.
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Abbreviations

BMI Body mass index

BMD Bone mineral density

ROC Receiver operating characteristic

AUC Area under ROC

COPD  Chronic obstructive pulmonary disease
SD Standard deviation

PKP Percutaneous kyphoplasty

Osteoporotic fracture belongs to fragility fracture, which is a serious consequence of osteoporosis in low-
energy external force or daily activities because of the decreased bone strength and the destruction of bone
microstructure!. With the aging of the population, incidence of osteoporotic fracture is also growing®. It
is generally accepted that fracture risk has positive correlations with age and risk of falls, while has negative
correlation with BMD. Besides, history of fracture is a significant risk factor of osteoporotic refracture®*.
Osteoporotic fracture and refracture bring not only great inconvenience to people’s life, but heavy economic
burden to the society>°. Therefore, early detection of risk factors and use of appropriate protective measures are
effective health care strategies in the management of osteoporotic refracture”.

Studies have shown close relations between osteoporotic refractures and sarcopenia, surgical methods, age,
gender, and biomechanical indicators®12. However, few researchers have explored the association between the
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interval from the initial fracture to surgery (i.e., timing of surgery) and osteoporotic refracture. Therefore, by
comparing multiple indicators between patients with and without refractures, this study aims to investigate
significant risk factors of osteoporotic refracture as well as to provide more reliable interventions for the
prevention of osteoporotic refracture. In addition, the study intends to explore the association between timing
of surgery after the initial fracture and osteoporotic refracture for the prediction in high-risk populations.

Methods

Study population

A total of 786 hospitalized patients with osteoporotic fractures from January 2017 to December 2022 in were
enrolled, including 105 cases with refracture and 681 cases without refracture. We confirmed that all methods
are conducted in accordance with the Chinese Ministry of Health’s "Ethical Review Measures for Biomedical
Research Involving Human Subjects (Trial)" and the relevant provisions of the Helsinki Declaration on biological
human trials.

The inclusion criteria were as follows: (1) fragility fracture without obvious inducement or low-energy
external force (e.g., fall down on a flat surface, slight sprain, etc.) due to the decrease of bone strength and the
destruction of bone microstructure; (2) met the surgical indications. Patients were excluded if (1) they received
conservative treatments for the initial fracture; (2) they had missing data; (3) they had unclear time of fracture;
(4) they had serious concomitant diseases affecting normal life, such as chronic obstructive pulmonary disease
(COPD), coronary heart disease, sequelae of stroke, malignant tumors, infectious diseases (bacteria, fungi,
viruses and tuberculosis), and diseases affecting lower limb function. (5) they were not treated with routine
anti-osteoporotic therapy after the fracture. The routine anti-osteoporosis treatment we use includes: Calcium
carbonate 1200 mg/day, taken orally in two doses, continuously; VitD3 800 IU/day, taken orally in two doses,
continuously; Alendronate 70 mg, orally administered weekly for one year. We excluded 284 patients and finally
obtained 502 eligible patients, including 52 cases in refracture group and 450 cases in non-refracture group

(Fig. 1).

Data collection

Eligible patients’ data were collected including age, gender, height, weight, BMI, history of hypertension and
diabetes, BMD, hormone use, fracture site, laboratory indicators, pain scale, and the interval from the initial
fracture to surgery. Based on the collected data, we investigated characteristics of refracture and its association
with the interval from injury to operation after the initial fracture.

786 patients were
evaluated

284 patients excluded:

38 patients with conservative management

108 patients with incomplete basic information
63 patients with unclear time of injury

56 patients with concomitant diseases

19 patients without anti-osteoporotic therapy

502 patients included

Y \
450 patients with 52 patients with
non-recurrent {ractures recurrent fractures

Fig. 1. Flowchart of the patient-selection process.
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Statistical analysis

Variables were expressed as mean+standard deviation (SD) and counts (proportion) for continuous and
categorical ones, separately. Numerical differences between refracture group and non-refracture group
were assessed by chi-square test for categorical variables, and t test or Mann-Whitney U test for continuous
variables. Significant variables in univariate analysis were further included in binary logistic regression and
Cox proportional hazards model in order to analyze the risk factors of refracture. ROC curve was developed to
predict the cut-off value. The threshold for significance was set as P <0.05. All statistical analyses were conducted
using SPSS, Version 26.0 (SPSS Inc., Chicago, IL, USA).

Results

Baseline information

A total of 502 eligible patients were finally analyzed in this study, including 52 cases in refracture group with an
average age of 78.74 + 8.00 years, and 450 cases in non- refracture group with an average age of 68.86 + 10.17 years.
Univariate analysis showed no significant differences between the two groups in gender, history of hypertension
and diabetes, hormone use, initial fracture site, prealbumin, serum calcium, serum phosphate, serum magnesium
concentration, and blood glucose. Statistical differences were found in age (P <0.001), height (P=0.003), weight
(P<0.001), BMI (P=0.007), BMD (P<0.001), interval from the initial fracture to surgery (P <0.001), pain scale
(P<0.001), hemoglobin (P<0.001), and total protein (P=0.041) (Table 1).

The median interval from initial fracture to refracture in the 52 patients with refracture was 25 months. The
proportion of such patients who had a refracture within the 1st, 2nd, 3rd, and 4th year of the initial fracture was
34.6%, 13.5%, 21.2%, and 21.2%, respectively, with the risk of refracture significantly decreasing and stabilizing
after 4 years. Approximately half (48%) and 2/3 (69%) of the refractures occurred within 2 and 3 years (Table 2).

Logistic regression of refracture

Significant variables (age, height, weight, BMI, BMD, interval from the initial fracture to surgery, pain scale,
hemoglobin, total protein) in univariate analysis were further included in binary logistic regression. The results
revealed that age (P=0.002), pain scale (P<0.001) and interval from the initial fracture to surgery (P<0.001)
were independent risk factors of osteoporotic refracture (Fig. 2, Table 3).

Parameters Non-refracture (n=450) | Refracture (n=52) | P-value
Male 91 (20.2%) 6 (11.5%) 0.133
Female 359 (79.8%) 46 (88.5%)

Age (year) 68.86+10.17 78.74+8.00 <0.001
Height (m) 1.60+0.07 1.57+0.06 0.003
Weight (kg) 60.41+10.35 54.40+8.29 <0.001
BMI (kg/m?) 23.45+3.35 22.11+£2.75 0.007
Hypertension 234 (52.0%) 32 (61.5%) 0.192
Diabetes 86 (19.1%) 11 (21.2%) 0.724
Taking hormones 17 (3.8%) 4(7.7%) 0.182
T-score

Total lumbar -1.98+1.47 -2.64+1.07 <0.001
Femur neck -1.72+1.08 -2.67+0.73 <0.001
Total hip -1.57+1.14 —2.56+0.88 <0.001
Interval time (days) 8.61+£7.90 22.02+21.04 <0.001
Pain scale 4.35+1.95 5.98+2.31 <0.001
Initial fracture site

Spinal fracture 298 (66.2%) 35 (67.3%)

Proximal humerus fracture | 18 (4.0%) 5(9.6%) 0192
Wrist fracture 27 (6.0%) 1(1.9%)

Hip fracture 107 (23.8%) 11 (21.2%)

Blood biochemical indicators

Hemoglobin (g/L) 124.52+15.97 117.18+15.68 <0.001
Total protein (g/L) 66.70+5.72 64.93+6.68 0.041
Prealbumin (g/L) 193.93+£51.72 187.50+62.43 0.165
Calcium (mmol/L) 2.25+0.09 2.24+0.15 0.624
Phosphorus (mmol/L) 1.18+0.21 1.14+0.18 0.109
Magnesium (mmol/L) 0.88+0.08 0.88+0.08 0.696
Blood glucose (mmol/L) 6.05+2.20 6.15+2.13 0.579

Table 1. Basic clinical information of the included patients. Values are mean + standard deviation or number
(%). P<0.05 was deemd significant.
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First fracture site
Interval time between two fractures (years) | Vertebrae | Humerus | Wrist | Hip | Total (%)
<1 15 0 0 3 18 (34.6)
1~2 5 1 0 1 7 (13.5)
2~3 8 0 1 2 11(21.2)
3~4 7 3 0 1 11(21.2)
>4 2 0 0 3 |5(9.6)
Table 2. Distribution of patients with recurrent fractures.
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Fig. 2. Forest plot of risk factors for refracture.

95%CI

Risk factors B OR Lower | Upper P-value
Age (year) 0.084 | 1.088 | 1.032 |1.147 0.002*
Height (m) 3.765 | 43.181 | 0.000 |9.21E+19 0.861
Weight (kg) —-0.115 | 0.891 | 0.494 | 1.607 0.702
BMI (kg/m?) 0.246 | 1.278 | 0.293 |5.573 0.744
Interval time (days) 0.084 | 1.087 | 1.057 |1.118 <0.001*
Pain scale 0.431 | 1.538 | 1.290 | 1.835 <0.001*
Hemoglobin (g/L) 0.009 1.009 | 0.985 1.034 0.459
Total protein (g/L) | —0.038 | 0.963 | 0.904 | 1.024 0.230
T-score

Femoral neck -0.359 | 0.698 | 0.280 | 1.740 0.441
Total hip -0.118 | 0.889 | 0.370 |2.133 0.792
Total lumbar 0.035 | 1.035 | 0.698 | 1.537 0.863

Table 3. Results of binary logistic regression analysis. OR odds ratio, CI confidence interval, BMI body mass
index. *P<0.05.

A plot of the time between initial fracture injury and surgery versus the probability of refracture shows that
the longer the time between initial fracture injury and surgery, the greater the likelihood of refracture (Fig. 3).

Cox proportional hazards model of refracture

Significant variables (age, height, weight, BMI, BMD, interval from the initial fracture to surgery, pain scale,
hemoglobin, total protein) in univariate analysis were further included in Cox proportional hazards model. The
Cox model identified significant associations between osteoporotic refracture and age (P=0.016), pain scale
(P<0.001) and interval from the initial fracture to surgery (P<0.001) (Table 4).
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Fig. 3. Probability plot of interval time between first fracture and surgery versus whether fractures recurred.

95%CI

Risk factors B HR | Lower | Upper P-value
Age (year) 0.054 | 1.055 | 1.010 | 1.103 0.016*
Height (m) —3.073 | 0.046 | 0.000 |4.43E+12 0.852

Weight (kg) 0.021 | 1.021 | 0.654 | 1.595 0.926

BMI (kg/m?) 0.016 | 1.016 | 0.340 | 3.039 0.977

Interval time (days) 0.045 | 1.046 | 1.031 | 1.061 <0.001*
Pain scale 0.317 | 1.373 | 1.212 1.556 <0.001*
Hemoglobin (g/L) 0.002 | 1.002 | 0.981 |1.023 0.878

Total protein (g/L) | —0.025 | 0.975 | 0.922 | 1.030 0.368

T-score

Femoral neck —-0.484 | 0.617 | 0.275 | 1.381 0.240

Total hip —0.185 | 0.831 | 0.390 |1.771 0.632

Total lumbar 0.002 | 1.002 | 0.728 | 1.379 0.992

Table 4. Results of Cox proportional hazards model. HR hazard ratio, CI confidence interval, BMI body mass
index. *P<0.05.

Incidence of refracture was 10.4% (52/502) in our study. As shown in Fig. 4, Kaplan-Meier survival analysis
suggested positive correlations between osteoporotic refracture and age (P <0.05) (Fig. 4A), pain scale (P<0.05)
(Fig. 4B) and interval from the initial fracture to surgery (P<0.05) (Fig. 4C).

The predictive value of interval from injury to operation after the initial fracture on refracture
ROC curve was used to further determine the influence of risk factors on osteoporotic refracture, and the results
supported a high prediction accuracy of interval time, with area under ROC (AUC) of 0.782, sensitivity of 63.5%,
specificity of 84.4%. Besides, threshold value of 10.5 indicated that the incidence of osteoporotic refracture would
increase when operation time exceeding 10.5 days after the initial fracture injury (Fig. 5, Table 5).

Discussion

It is well-known that as a leading cause of fractures, osteoporosis has both high morbidity and mortality all
over the world!'*-!°. In recent years, a growing body of evidence suggests that osteoporotic refracture is closely
related to treatments, surgical type and sarcopenia. Levy et al.® enrolled 250 patients with initial vertebral
fractures and divided them into four groups: surgery only group, medication only group, surgery combined
with medication group, and no treatment group. Their results showed that surgery could not reduce the risk
of vertebral refracture, but the combination of medication and surgery might shorten the time to refracture. A
retrospective study of Chen et al.!” conducted multivariate analysis and confirmed that sarcopenia was closely
related to osteoporosis, and sarcopenia and paraspinal muscles were independent risk factors for osteoporotic
refracture. However, no known empirical research has focused on exploring the impact of the interval from
injury to operation after the initial fracture on osteoporotic refracture. Therefore, this study compared refracture
patients with non-refracture patients and mainly explored the risk factors of osteoporotic refracture.
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Fig. 4. Kaplan—Meier curves showing the different risk factors for osteoporotic refracture. (A) Age as a risk
factor for osteoporotic refracture; (B) Pain scale as a risk factor for osteoporotic refracture; (C) Interval from
the initial fracture to surgery as a risk factor for osteoporotic refracture.

A limited number of researchers have investigated vertebral re-fractures, ultimately finding that early surgical
intervention significantly reduces the incidence of vertebral re-fractures compared to delayed surgery!'®!°. This
finding aligns with our perspective. One retrospective study (N=62) compared early (<4 weeks, n=36) versus
delayed (>4 weeks, n=26) intervention, demonstrating significantly lower 6-month refracture rates in the early
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Fig. 5. ROC curves of risk factors for refracture.

95%Confidence

Interval
Parameters | AUC | Standard deviation | P-value | Lower | Upper
Age 0.776 | 0.032 <0.05 0.713 0.838
Pain scale 0.709 | 0.041 <0.05 0.627 0.790
Interval time | 0.782 | 0.038 <0.05 0.707 0.856

Table 5. Area under ROC curves. ROC Receiver operating characteristic, AUC area under the curve.

group (8.3% vs 34.6%, P<0.01) at the follow-up of 6 months®. The second study (N =51) with 1.2-year follow-up
similarly found reduced secondary fracture risks with early percutaneous kyphoplasty (PKP) (32 vs 19 cases)?!.
However, both investigations presented notable methodological constraints that warrant cautious interpretation
of results. Primarily, the limited cohort sizes (N=62 and N =51 respectively) substantially restricted statistical
power for detecting subtle between-group differences. Furthermore, the relatively abbreviated follow-up durations
(< 1.2 years) potentially compromised the capacity to assess long-term complication patterns, particularly given
the chronic nature of osteoporosis-related skeletal fragility. These methodological shortcomings collectively
undermine the generalizability and conclusive strength of the reported temporal advantages of early PKP
implementation. In contrast to these prior investigations, the current study demonstrates substantially greater
statistical validity through both an expanded cohort size and prolonged follow-up duration, thereby providing
stronger evidence regarding clinical outcomes.

Our study implied no differences between refracture and non-refracture in gender, history of hypertension
and diabetes, hormone use, initial fracture site, prealbumin, serum calcium, serum phosphate, serum magnesium
concentration, and blood glucose. However, statistical differences were found in age, height, weight, BMI, BMD,
interval from the initial fracture to surgery, pain scale, hemoglobin, and total protein. Further binary logistic
regression and Cox proportional hazard regression both proved that only age, pain scale and interval from the
initial fracture to surgery were the independent risk factors of osteoporotic refracture.

Advanced age critically exacerbates osteoporotic fracture risk through synergistic deteriorations in skeletal
and systemic homeostasis. Aging disrupts bone remodeling by reducing osteoblast activity and increasing
osteoclast-mediated resorption, leading to progressive bone loss and microarchitectural degradation, notably
cortical thinning and trabecular deterioration?’. Concurrently, sarcopenia—age-related declines in muscle
mass and strength—impairs balance, elevates fall risk, and disrupts muscle-bone crosstalk, as diminished
mechanical loading from atrophied muscles further accelerates bone resorption?’. These processes are amplified
by chronic low-grade inflammation ("inflamm-aging"), characterized by dysregulated IL-6, TNF-a, and NF-kB
signaling, which suppress bone formation, enhance osteoclastogenesis, and delay fracture healing®*. Together,
impaired remodeling, sarcopenia-driven biomechanical failure, and inflammatory dysregulation converge to
reduce skeletal resilience, necessitating multifactorial interventions targeting bone-muscle interactions and
inflammatory pathways in the elderly.

Post-fracture pain severity and delayed surgical intervention synergistically elevate refracture risk through
interconnected biological and behavioral pathways. Severe pain contributes to reduced mobility, limiting weight-
bearing activities essential for bone remodeling and accelerating disuse-induced bone loss*>. Chronic pain
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further disrupts skeletal homeostasis via neuroendocrine dysregulation: sympathetic overactivation drives 32-
adrenergic receptor-mediated osteoblast suppression and osteoclast activation through norepinephrine excess,
while HPA axis dysfunction elevates cortisol levels, compounding bone formation deficits*. Concurrently, pain-
induced gait instability and analgesic-related central nervous system impairment (e.g., opioid use) heighten fall
susceptibility, particularly in vertebral or hip fracture patients?”’”. Furthermore, the high level of pain might be
due to long-term dangerous weight-bearing, these patients themselves are relatively weak in health awareness
and unable to control their own bad behaviors. The specific reasons need to be further verified.

It is worth noting that the prediction accuracy of interval from the initial fracture to surgery was high,
with area under ROC (AUC) of 0.782, sensitivity of 63.5%, specificity of 84.4%, and threshold value of 10.5.
The interval between fracture and surgery critically impacts outcomes. Early surgical intervention preserves
fracture-site vascularity, optimizing callus formation and healing capacity. Delays, however, promote fibrotic
tissue accumulation, prolong inflammatory bone resorption, and extend immobility-related BMD declines (0.5-
1% weekly) and sarcopenia progression®®. Prolonged inflammation shifts from acute osteogenic signaling to
chronic osteoclast dominance, while delayed mechanical stabilization increases secondary fall risks, particularly
during the high-risk first post-fracture month?*3°. Therefore, in this critical period, we recommend that patients
should take surgery as soon as possible to prevent the occurrence of adverse consequences such as refracture.

In addition, some studies have shown that women with a history of osteoporotic fractures have an increased
risk of refractures, with the highest risk within two years after the first fracture’*2. Balasubramanian et al.*
collected massive data of female patients with fracture and reported that 10% of patients had refracture within
1 year after the first fracture, 18% within 2 years, and 31% within 5 years. Patients with previous fractures and
underlying diseases are at high risk of refracture, so it is necessary to apply refracture prevention in order to
reduce mortality and rate of refracture, as well as to lower medical costs®»3>. Our results demonstrated that
34.6% and 48.1% patients had refractures within 1 year and 2 years after the initial fractures, separately. Thus,
the duration of secondary prevention of osteoporotic refracture should be at least more than 2 years after the
initial fracture.

There are some limitations in this study. Firstly, the retrospective single-center design of this study limits both
the statistical power (due to a small sample size) and the external validity of the findings. Secondly, potential
confounding factors (e.g., patient activity levels, fall history, adherence to anti-osteoporotic medication, smoking
and alcohol consumption) were not controlled for. Thirdly, while our study achieved statistical significance for
key predictors (surgical timing, pain score, age), the limited sample size in the refracture group (n=52) warrants
cautious interpretation. Therefore, a prospective, multicenter, and large-sample study is needed to further
confirm the results of this study.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable
request.
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