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Abstract
Summary  Grip strength measurement, as a surrogate of sarcopenia diagnosis, effectively predicts secondary fracture risk 
in distal radius fracture patients. This simple tool enhances clinical practice by identifying high-risk patients for targeted 
interventions, potentially preventing or reversing functional decline and recurrent fractures.
Purpose  To evaluate grip strength and hand muscle cross-sectional area as predictors of secondary fracture risk in patients 
with a history of distal radius fracture (DRF), serving as surrogates of the diagnosis of sarcopenia.
Methods  A retrospective cohort study of 745 DRF patients was analyzed with their grip strength data using Cox proportional 
hazards regression, receiver operating characteristic analysis, and Kaplan–Meier analysis to predict secondary fracture risk 
over an average of 12 years. Hand muscle cross-sectional area was similarly analyzed.
Results  Patients with a history of DRF were predicted to have a 4.1% higher likelihood of experiencing a secondary fracture per 
kilogram reduction in their grip strength (p < 0.008), independent of age and sex. Patients were categorized as high-risk (≤ 16 kg), 
moderate-risk (17–24 kg), or low–risk (≥ 25 kg) (p < 0.001). High-risk patients showed a 2.2-fold (95% CI = 1.55–3.17) higher 
recurrent fracture risk compared to low-risk patients. Cumulative secondary fracture probabilities of the high-risk group patients 
at 5, 10, and 15 years were estimated to be 16%, 30%, and 54%, respectively.
Conclusions  Grip strength measurement, as a surrogate of sarcopenia diagnosis, effectively predicts secondary fracture 
risk in patients with DRF. This simple tool could improve clinical practice by identifying high-risk patients for targeted 
interventions to prevent recurrent fractures or even reverse functional decline.

Keywords  Sarcopenia · Osteoporosis · Osteosarcopenia · Wrist fracture · Distal radius fracture · Colles fracture · Secondary 
fracture · Recurrent fracture · Grip strength

Introduction

Distal radius fractures (DRFs), commonly known as Colles 
fractures or wrist fractures, are the most prevalent type of 
upper limb fractures [1–3], especially among osteoporotic 

patients [2, 4]. DRFs resulting from low-energy trauma, such 
as ground-level falls [3, 5], are classified as fragility fractures 
and are typically associated with osteoporosis [6]. While 
DRFs are not usually associated with significant morbidity or 
mortality [4, 7], they serve as a critical indicator for the risk 
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of secondary fractures, especially in older adults with osteo-
porosis [1, 7]. A 2022 retrospective study of 705 patients 
found that 7.9% experienced subsequent fractures within 
an average follow-up period of 33.5 months post-DRF [8]. 
Research showed that DRFs present a crucial opportunity for 
healthcare providers to implement early interventions to slow 
fragility deterioration and prevent potential fractures in the 
near future [1, 3, 7]. However, despite the well-established 
link between osteoporosis and recurrent fractures, many doc-
tors still lack awareness about administering osteoporotic 
treatments to their patients [9].

Sarcopenia, like osteoporosis, is a significant age-related 
condition linked to a higher risk of adverse clinical outcomes 
[10–12], including falls [10, 12, 13] and fractures [7, 10, 12]. 
Notably, sarcopenia and osteoporosis frequently coexist, a 
combination termed “osteosarcopenia” [14]. Their coexist-
ence can have a synergistic effect on the associated compli-
cations [15, 16] due to their overlapping pathophysiology 
[17, 18]. While osteoporosis has a clear diagnostic threshold 
through dual X-ray absorptiometry (DEXA) [19], sarcope-
nia’s definition and diagnostic criteria remain variable and 
inconsistent [20–22]. Nonetheless, diagnosing sarcopenia, in 
general, involves evaluating muscle mass, muscle strength, 
and physical performance [23–25]. Unfortunately, these 
measurements are rarely performed in clinical practice [11, 
26, 27], particularly in this locality.

Grip strength is a widely used measure to assess muscle 
strength in sarcopenia diagnosis [23–25]. It is a non-invasive, 
simple, quick, and cost-effective way to evaluate muscle 
strength [26, 28] that also represents lower extremity muscle 
power [29]. Studies have linked low grip strength to various 
adverse outcomes [25, 26, 28], including recurrent falls [3, 13, 
20] and fragility fractures [30–32], independent of other sar-
copenia diagnostic parameters. These findings have become 
our interest in investigating whether grip strength measure-
ment alone, as a surrogate for sarcopenia diagnosis, can pre-
dict the risk of re-fracture in patients with previous DRF.

Bones and muscles should be regarded as a unified sys-
tem because their functions and structures are intricately 
connected [33, 34]. This perspective emphasizes the impor-
tance of addressing osteoporosis and sarcopenia simultane-
ously through effective osteoporosis management [10, 35]. 
Research has shown that sarcopenia can be reversed [12, 
36], highlighting the significance of early detection to enable 
timely interventions that can prevent recurrent fractures or 
even reverse functional decline.

While DEXA is used to diagnose both osteoporosis and 
sarcopenia in the form of muscle mass [23–25], its use is 
limited by the cost and availability in clinical settings [25, 
27]. Conversely, patients with wrist fractures, particularly 
those undergoing surgical interventions, typically have their 
computed tomography (CT) scans accessible in the medical 
databases. Therefore, we suggested that the cross-sectional 

areas of hand muscles, including the thenar and hypothenar 
muscles, can be visualized and quantified in transverse CT 
images. This serves as a proxy for muscle mass to aid in sarco-
penia diagnosis and to predict the risk of subsequent fractures.

Given the limitation of DEXA scans in clinical settings, 
there is a growing need for a straightforward and rapid 
screening tool to identify patients with distal radius 
fractures (DRFs) who are at risk of secondary fractures and 
need optimal stratified care. Considering the bidirectional 
relationship between osteoporosis and sarcopenia, screening 
for one condition likely indicates the presence of the other. 
Therefore, we hypothesize that measuring grip strength and 
the cross-sectional area of hand muscles could effectively 
predict the risk of secondary fractures in patients with 
a history of DRF, without relying solely on sarcopenia 
diagnosis (Fig. 1).

Method

Patients admitted to a university-affiliated tertiary hospital 
from December 2012 to 2022 were retrospectively reviewed. 
Data were retrieved from the rehabilitation center database 
according to the following criteria. Inclusion criteria were 
patients aged ≥ 50 years old with a history of unilateral 
DRF, attendance at the physical therapy and/or occupa-
tional therapy sessions, and grip strength measured on an 
uninjured hand by a dynamometer (JAMAR Hydraulic Hand 
Dynamometer 5030J1, Sammons Preston Inc, IL, USA). 
Patients were excluded if they were cognitively incompetent 
or had a pathological fracture.

The cross-sectional area (mm2) of patients’ thenar and 
hypothenar muscles were measured on their computed 
tomography (CT) scans. These scans were generally avail-
able from a subgroup of DRF patients undergoing surgi-
cal treatments and were accessed electronically via the 
region-wide picture archiving and communication system 
(PACS) database. The cross-sectional area of the thenar and 
hypothenar muscles was measured on transverse CT scans 
at the level of the midcarpal joint (between the proximal 
and distal role of carpal bones). Due to the variations in 
hand positioning, thenar and hypothenar muscles not per-
fectly visualized at the midcarpal joint level were excluded. 
A trained observer measured the cross-sectional areas twice, 
and intra-observer reliability was validated by the intraclass 
correlation coefficient.

Clinical Data Analysis and Reporting System (CDARS) 
[37], which is a region-wide database for all public hospi-
tals, was electronically queried to identify secondary frac-
tures following the initial DRF. According to a previous 
study on CDARS, the querying system used in our study 
research estimated an overall coverage positive predictive 
value (PPV) of 96.8%, with a 100% PPV for hip, humerus, 
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forearm, and wrist fracture. This demonstrated CDARS as 
a valid system with high PPV for identifying and screen-
ing osteoporotic fractures, including wrist fractures [37]. 
Secondary fracture events were identified from subsequent 
clinical encounters and coded using the International Clas-
sification of Diseases 9th revision system (ICD-9: 733 & 
800–829, pertaining to the keyword “fractures”). All types 
of fractures included in our analysis were summarized in 
Appendix Table 5. A secondary fracture was defined as 
any subsequent fracture after the initial DRF, regardless 
of the type or the duration post-DRF. The main outcome 
measure for secondary fracture was binary: either the pres-
ence or absence of a secondary fracture for each patient. 

The patients’ latest clinical follow-up dates were retrieved 
from CDARS to indicate survival and electronic medical 
record updates. Mortality data was electronically com-
piled from the region-wide death registry. The study’s 
endpoint was the occurrence of any secondary fracture, 
and patient loss to follow-up, including death, was con-
sidered as an alternative endpoint, with data censored in 
the Kaplan–Meier analysis. Only the first instance of a 
re-fracture can be counted per patient, and subsequent 
re-fractures (tertiary or quaternary) were not included in 
this study. All the statistical analyses were performed by 
the SPSS statistical software (Version. 26, IBM, Armonk, 
USA) (Fig. 2).

Hand Muscle Analysis 
(n=260)

Fig. 1   Design of the research study
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Statistical analysis

This study utilized a comprehensive statistical approach to 
evaluate predictors of secondary fractures. Receiver operating 
characteristic (ROC) analysis was performed to stratify patients 
based on grip strength and hand muscle cross-sectional areas 
(the thenar and hypothenar muscles), as the two main predictors 
of secondary fractures (Fig. 3, Appendix Fig. 8). Thresholds 

identified from ROC analysis were used to calculate mean 
durations and relative risks (RRs) for secondary fractures, and 
their significance was calculated. An independent t-test was 
performed to examine the significance of these predictors and 
their ability to predict secondary fractures. The correlation 
between grip strength and muscle cross-sectional area was 
evaluated using scatter plots and the Pearson coefficient. 
Kaplan–Meier analysis was used for the time-to-event (TTE) 
analysis of secondary fractures, with curves compared using 
the log-rank (Mantle-Cox) method. The same procedures 
were performed on sex and age as univariate to determine 
their ability as an independent risk predictor for re-fracture 
(Appendix Figs. 6 and 7). A multivariate Cox proportional 
hazards regression analysis was performed to identify the most 
significant and independent predictor of secondary fractures, 
considering age, sex, and grip strength as covariates. All 
analyses used a significance level of p-value < 0.05.

Results

The study included 745 patients (66.2% females) with an 
average age of 70.2 years old. Among the 745 patients, 153 
patients (20.5%; 15.17% females) had experienced at least 
one episode of secondary fracture (Table 1). The aver-
age duration of secondary fracture occurrence was 70.8 
months post-DRF (range = 0–217 months, SD = 59.4). The 
remaining 592 patients (79.5%; 51.01% females) had no 
record of any secondary fractures. The mean uninjured 
grip strength and thenar and hypothenar muscle cross-
sectional areas are listed in Table 1. The demographic 

Fig. 2   Demographic representation of all patients with and without re-fractures

Fig. 3   Receiver operating characteristic (ROC) analysis on grip 
strength data
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distribution of all patients by age and sex and the presence 
of re-fractures are illustrated in Fig. 2.

Patients with lower grip strength, older age, and female 
sex showed a higher risk of secondary fractures. Analysis of 
these factors revealed significant associations with second-
ary fracture risk. The ROC analysis (inverted AUC = 0.597, 
p < 0.001) (Fig. 3) defined cut-off thresholds for secondary 
fracture prediction at 16.5 kg and 24.5 kg, representing the 
lower and upper limits of grip strength. These thresholds cat-
egorized patients into high-risk, moderate-risk, and low-risk 
groups. Based on these thresholds, patients’ grip strength 
data were stratified into 3 strata: ≤ 16 kg (high-risk), 17–24 
kg (moderate-risk), and ≥ 25 kg (low-risk) for secondary 
fracture risk (Table 3). Additionally, an age threshold of 74.5 
years for the relative risk (RR) calculation was determined 
using receiver operating characteristic (ROC) curve analysis 
(AUC = 0.623, p < 0.001) (Appendix Fig. 6). This threshold 
was identified as the optimal cut-off point for distinguishing 
between high-risk and low-risk groups by age for secondary 
fractures following a distal radius fracture.

Patients aged over 74.5 years had a relative risk of 
secondary fracture over a mean 10-year follow-up of 1.64 

(p < 0.001), while female sex carried a relative risk of 1.41 
(p = 0.039) in the univariate analysis (Table 2). These factors 
showed significant associations with secondary fracture risk 
when considered individually. However, in the multivariate 
Cox proportional hazards regression analysis, with age 
and sex as controlled variables, neither age (OR = 1.01, 
p = 0.376) nor sex (OR = 0.77, p = 0.291) remained 
statistically significant. Instead, grip strength emerged as 
the independent predictor, with each 1 kg decrease linked to 
a 3.9% increase in secondary fracture risk (OR = 0.96, 95% 
CI = 0.93–0.99, p = 0.008) (Table 2).

While age and sex appear to be significant risk factors 
when considered individually, grip strength emerges as the 
most significant predictor when all factors are considered 
collectively in the multivariate analysis, with age and sex 
being controlled. A stronger grip strength was associated 
with a lower risk of re-fractures. Consequently, grip strength 
may serve as a more reliable indicator of secondary fracture 
risk, regardless of age or sex alone.

Patients with the weakest grip strength (≤ 16 kg) had 
the highest incidence and risk of subsequent fractures 
(p < 0.001) (Table 3). A significantly higher proportion 

Table 1   Demographics and 
descriptive data of the research 
cohort

n Age Grip 
Strength

Thenar 
Area

Hypothenar 
Area

Patients with distal radius fracture (>n= 745)
 Male 252 (33.8%) 63.3 34.1 207.4 137.7
 Female 493 (66.2%) 72.9 19.6 128.0 81.0

Patients with Re-Fracture(n = 153; 20.5%)
 Male 40 (5.37%) 64.2 32.1 146.7 105.6
 Female 113 (15.17%) 77.8 18.5 84.9 51.0

Patients without Re-fracture (n = 592; 79.5%)
 Male 212 (28.46%) 63.4 34.5 219.4 144.3
 Female 380 (51.01%) 72.4 19.9 140.5 89.8

Patients without Re-fracture, Alive (n = 509; 68.3%)
 Male 187 (25.1%) 61.7 35.5 234.0 155.2
 Female 322 (43.2%) 71.2 20.3 156.5 99.9

Patients without Re-fracture, Dead (n = 83; 11.1%)
 Male 25 (3.4%) 75.7 27.1 107.0 60.4
 Female 58 (7.8%) 79.0 17.7 54.3 37.1

Table 2   Univariate analysis and multivariate Cox proportional hazards regression analysis between age, sex, and grip strength, with age and sex 
as control variables in the multivariate analysis

Univariate analysis: relative risk 
(RR) (95% CI)

p-value Multivariate analysis: hazard ratio 
(HR) (95% CI)

p-value

Age (per year increase) 1.64 (95% CI = 0.99–1.02)  < 0.001 1.01 (95% CI = 0.99–1.02) 0.376
Sex (female vs. male) 1.41 (95% CI = 0.48–1.25) 0.039 0.77 (95% CI = 0.48–1.25) 0.291
Grip strength (per 1 kg increase) - - 0.96 (95% CI = 0.93–0.99) 0.008
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(32.9%) of patients in the high-risk group (≤ 16 kg) had a 
history of re-fractures, compared to 19.9% of patients in the 
moderate-risk group (17–24 kg) and 14.8% of patients in 
the low-risk group (≥ 25 kg) (Table 3). The high-risk group 
(≤ 16 kg) had more than double the relative risk (RR) of sec-
ondary fractures compared to the low-risk group (≥ 25 kg), 
with an RR of 2.22 (95% CI = 1.55–3.17). The moderate-risk 
group (17–24 kg) had a 34% higher risk than the low-risk 
group (≥ 25 kg), with an RR of 1.34 (95% CI = 0.94–1.91) 
(Table 3). This indicates that patients with the lowest grip 
strength were more than twice as likely to experience a sec-
ondary fracture compared to those with higher grip strength 
(Table 3).

Patients with the lowest grip strength (≤ 16 kg) also 
experienced the earliest occurrence of secondary fractures 
(p < 0.001) (Table 3). The Kaplan–Meier survival analysis 
further revealed a significant difference (p < 0.001) in the 
estimated mean duration to re-fracture across grip strength 
categories. Patients with grip strength ≤ 16 kg had an esti-
mated mean duration of 168 months to re-fracture, while 
those with grip strength between 17 and 24 kg and ≥ 25 kg 
had longer estimated mean durations of 208 months and 260 
months, respectively (Table 3).

Patients with the lowest grip strength (≤ 16 kg) showed 
the highest probability of secondary fractures at every time 
point post-DRF, except the first year (Fig. 4, Table 4). The 

Fig. 4   Survival/ time-to-event curves of grip strength strata

Table 3   Secondary fracture prediction by grip strength strata

Risk Risk Ratio 
(RR)

Secondary Fracture 
(n)

Mean Duration for Sec-
ondary Fracture (months)

Grip Strength Yes No Total

≤ 16 kg High 2.22
(95% CI = 1.55 - 3.17)

48 (32.9%) 98 (67.1%) 146 168 
(SE = 9.2)

17–24 kg Moderate 1.34 
(95% CI = 0.94 – 1.91)

60 (19.9%) 242 (80.1%) 302 208 
(SE = 6.3)

≥ 25 kg Low 1.00 44 (14.8%) 253 (85.2%) 297 260
(SE = 7.3)

Total 152 (20.4%) 593 (79.6%) 745
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Kaplan–Meier survival analysis (p < 0.001), revealed that 
patients with grip strength ≤ 16 kg had an estimated sec-
ondary fracture probability of 15.8% at 5 years, 30.4% at 
10 years, and 54.0% at 15 years. In contrast, patients with 
grip strength ≥ 25 kg had lower estimated probabilities of 
8.6% at 5 years, 11.3% at 10 years, and 19.6% at 15 years 
(Table  4). Pairwise comparison from the log-rank test 
showed statistical significance across all three grip strength 
strata (Fig. 4).

A subgroup of 260 patients (63.5% females) had a history 
of DRF with hand muscle CT scans recorded in the PACS 
database (Fig. 1). Thenar muscle cross-sectional areas were 
available from 232 patients, of whom 33 (13.7%) had a his-
tory of secondary fractures. Hypothenar muscle cross-sec-
tional areas were available for 234 patients, with 33 (14.1%) 
having a history of secondary fractures. The reliability of 
the muscle measurements for both the thenar and hypoth-
enar muscles was high according to the intraclass correlation 
coefficient (ICC) (thenarICC = 0.963, p < 0.001; hypothenar-
ICC = 0.934, p < 0.001).

Positive correlations were observed between grip strength 
and thenar/hypothenar cross-sectional areas (Fig. 5). (the-
narr = 0.608, p < 0.001; hypothenar r = 0.625, p < 0.001).

Stratification of the thenar and hypothenar cross-sectional 
area for secondary fracture was attempted by ROC analy-
sis, using the same approach as the grip strength analysis. 
However, statistical significance was not obtained (thenar 
p = 0.621; hypothenar p = 0.481) (Appendix Fig. 8). Conse-
quently, further analyses on cross-sectional areas were not 
performed.

Discussion

Our study demonstrated a strong association between low 
grip strength and increased risk of secondary fractures in 
patients with a history of distal radius fracture (DRF). While 
this relationship has been previously explored in the general 
population [30–32], there has been limited analysis specifi-
cally in DRF patients [1]. Our findings suggest that grip 
strength measurement serves as a useful surrogate for sar-
copenia diagnosis and secondary fracture prediction in this 
population.

We found that patients in the high-risk group (≤ 16 kg 
grip strength) carry a 2.2-fold higher risk of secondary frac-
tures compared to those in the low-risk group (≥ 25 kg). This 
aligns with a meta-analysis of 33 studies involving 45,926 
individuals, which showed that sarcopenic patients have a 
1.71-fold increase in clinical fractures than non-sarcopenic 
patients [38]. Our multivariate analysis identified grip 
strength as an independent predictor of secondary fractures 
with a statistically significant odd ratio of 0.961. This trans-
lates to a 4.1% higher likelihood of experiencing a secondary Ta
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fracture per kg reduction in their grip strength, regardless 
of sex or age.

These findings are consistent with a prospective cohort 
study of a community-dwelling population in the same 
country, which found a 1.6-fold increase in clinical fractures 
with each standard deviation reduction in grip strength [32]. 
Similarly, another retrospective cohort study found that sar-
copenia is a valid predictor of incident fractures for over an 
average follow-up of 11.3 years [12], which is comparable 
to our time-to-event analysis period of 5–15 years.

Kaplan–Meier survival analysis further corroborated 
these findings, showing statistically significant differences 
across all three grip strength strata (p < 0.001). At the 
15-year mark, the probability of secondary fractures was 
substantially higher in the high-risk group (54.0%) com-
pared to the low-risk group (19.6%). This marked difference 
underscores grip strength’s predictive value in long-term 
fracture risk assessment.

The 5-year probability of secondary fracture is 16% in 
our study comparable to the 19% reported by Dewan et al. 
in a prospective cohort study [39]. However, Hodsman et al. 
reported a lower 10-year probability of secondary fracture 
(14.2%) in a cohort of osteoporotic patients [6], suggesting 
potential variations between populations and highlighting 
the need for population-specific risk assessment.

The relationship between grip strength and fracture risk 
likely stems from the connection between muscle and bone 
health, often referred to as the muscle-bone unit [17]. This 
suggests that grip strength may serve as a proxy for overall 
musculoskeletal health, explaining its predictive value for 
fracture risk. The dynamic nature of grip strength testing 
may capture aspects of neuromuscular function and frailty 
not reflected in static measurements [27].

While bone mineral density (BMD) is useful for osteoporosis 
and sarcopenia [12], such investigation can significantly 

increase healthcare costs when performed on a large scale. 
Our study demonstrates that grip strength measurement offers 
a simple, cost-effective alternative for identifying patients at 
high risk of secondary fractures, potentially reducing the need 
for extensive BMD testing in all patients.

The implications for clinical practice are significant. 
Incorporating grip strength assessments into routine post-
DRF care could provide a simple, cost-effective method 
for identifying patients at high risk of secondary fractures 
[27]. This could guide more targeted use of expensive 
imaging techniques and inform personalized prevention 
strategies, including nutrition [14], exercise programs [13], 
or pharmacological treatments [9] aimed at improving both 
muscle and bone health.

Interestingly, while grip strength showed a strong correlation 
with both thenar and hypothenar muscle cross-sectional areas 
(r = 0.608 and r = 0.625, respectively, p < 0.001 for both), 
these anatomical measurements did not prove to be significant 
predictors of secondary fractures when analyzed independently 
(thenar p = 0.621; hypothenar p = 0.481). These results suggest 
that grip strength is a more robust and clinically relevant 
predictor of secondary fracture risk compared to muscle 
cross-sectional area measurements. The strong correlation 
between grip strength and muscle area, coupled with the ease 
of measuring grip strength in clinical settings, further supports 
its use as a practical tool for risk stratification in post-DRF 
patients.

Our study has several limitations that should be 
considered. First, the absence of BMI and height data 
prevented us from normalizing the grip strength data 
and hand muscle cross-sectional areas, which could have 
provided more precise comparisons across patients. Second, 
the retrospective nature of the study may have introduced 
potential biases in data collection and analysis. Third, the 
lack of DEXA scans and bone mineral density (BMD) 

Fig. 5   Scatterplot of grip strength and thenar/ hypothenar muscle cross-sectional area
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data limits our ability to directly compare grip strength 
with established measures of bone density. Additionally, 
the CT cross-sectional areas of hand muscles (thenar 
and hypothenar muscles) from patients with a history of 
DRF proved to be unreliable risk predictors for secondary 
fracture. This could be due to limitations such as limited 
sample size, inconsistent CT hand positioning, and large 
variation between patients possibly due to soft tissue 
swelling at the injured wrist [3].

Furthermore, we acknowledge the limitation of the 
uneven distribution of secondary fractures between genders 
(39 males vs. 112 females). This uneven distribution might 
have affected the results, as we did not stratify patients by 
gender in our analysis. Future research should consider 
this limitation and involve larger sample sizes to better 
understand the potential influence of gender on secondary 
fracture risk.

These limitations present opportunities for future research 
to further explore the relationship between osteosarcopenia 
and grip strength in DRF patients to address the current 
gaps in our understanding. For instance, incorporating 
comprehensive anthropometric measurements, bone density 
data, and long-term follow-up could further elucidate the 
relationship between grip strength, osteosarcopenia, and 
fracture risk in DRF patients [16]. Investigation into the 
effectiveness of grip strength-guided interventions in 
reducing secondary fracture risk could provide valuable 
insights for clinical [27]. Furthermore, studies comparing 
the predictive value of grip strength to other established risk 
factors for secondary fractures in DRF patients would help 
to position grip strength measurement within the broader 
context of fracture risk assessment tools [19].

Conclusion

Our study demonstrates that grip strength is an effective 
predictor of secondary fracture risk in patients with a history 
of distal radius fracture (DRF). Our findings reveal that 
grip strength serves as a simple, cost-effective tool for risk 

stratification, independent of age and sex. We recommend 
integrating grip strength assessments into post-DRF care 
protocols to enhance risk evaluation and guide targeted 
preventive strategies.

Our research highlights the crucial link between muscle 
strength and bone health, emphasizing the concept of 
osteosarcopenia. While our study has limitations, it provides 
a foundation for future research to further validate grip 
strength as a predictor of secondary fractures.

Incorporating grip strength assessment into clinical 
practice could lead to more personalized and effective 
fracture prevention strategies for DRF patients, potentially 
reducing associated morbidity and healthcare costs.

Appendix

Table 5

Table 5   A summary of the types of secondary fractures included in 
the study 

Types of 2nd fracture Quantity (n)

Fracture of facial bones (802) 4
Fracture of vertebral column without mention of spinal 

cord injury (805)
12

Fracture of rib(s), sternum, larynx, and trachea (807) 7
Fracture of clavicle (810) 7
Fracture of scapula (811) 2
Fracture of humerus (812) 11
Fracture of radius and ulna (813) 41
Fracture of metacarpal bone(s) (815) 1
Fracture of one or more phalanges of the hand (816) 2
Fracture of neck of femur (820) 36
Fracture of other and unspecified parts of the femur 

(821)
6

Fracture of patella (822) 11
Fracture of tibia and fibula (823) 7
Fracture of ankle (824) 14
Fracture of one or more phalanges of the foot (826) 2
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Fig. 6   Receiver operating characteristic (ROC) analysis on the age data and corresponding survival / time-to-event curves

Fig. 7   Survival / time-to-event 
curves of the sex strata female 
vs male

Fig. 8   Receiver operating characteristic (ROC) analysis on thenar and hypothenar muscles



Archives of Osteoporosis           (2025) 20:10 	 Page 11 of 12     10 

Declarations 

Conflict of interest  None.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Yam M, Ng H, Lim CL, Munro YL, Lim WS (2022) Sarcope-
nia in distal radius fractures: a scoping review. J Frailty Aging 
11(2):169–176

	 2.	 Caliskan H, Igdir V, Ozsurekci C, Caliskan E, Halil M (2020) 
Frailty and sarcopenia in patients with distal radius frac-
ture: a geriatric perspective. Geriatr Orthop Surg Rehabil 
11:2151459320906361

	 3.	 Mauck BM, Swigler CW (2018) Evidence-based review of distal 
radius fractures. Orthop Clin North Am 49(2):211–222

	 4.	 Wu JC, Strickland CD, Chambers JS (2019) Wrist fractures and 
osteoporosis. Orthop Clin North Am 50(2):211–221

	 5.	 Oh C-H, Kim J, Kim J, Yoon S, Jung Y, Lee HI et al (2022) The 
association of low skeletal muscle mass with complex distal radius 
fracture. J Clin Med 11(19):5581

	 6.	 Hodsman AB, Leslie WD, Tsang JF, Gamble GD (2008) 
10-year probability of recurrent fractures following wrist and 
other osteoporotic fractures in a large clinical cohort: an analy-
sis from the manitoba bone density program. Arch Intern Med 
168(20):2261–2267

	 7.	 Artiaco S, Fusini F, Pennacchio G, Colzani G, Battiston B, 
Bianchi P (2020) Sarcopenia in distal radius fractures: systematic 
review of the literature and current findings. Eur J Orthop Surg 
Traumatol 30(7):1251–1255

	 8.	 Lim EJ, Lee S, Kim JK, Kim H, Shin YH (2022) The risk fac-
tors for subsequent fractures after distal radius fracture. J Bone 
Miner Metab 40(5):853–859

	 9.	 Khan SA, de Geus C, Holroyd B, Russell AS (2001) Osteoporo-
sis follow-up after wrist fractures following minor trauma. Arch 
Intern Med 161(10):1309–1312

	10.	 Reiss J, Iglseder B, Alzner R, Mayr-Pirker B, Pirich C, Kass-
mann H et al (2019) Sarcopenia and osteoporosis are interre-
lated in geriatric inpatients. Z Gerontol Geriatr 52(7):688–693

	11.	 Ishii S, Tanaka T, Shibasaki K, Ouchi Y, Kikutani T, Higashi-
guchi T et al (2014) Development of a simple screening test 
for sarcopenia in older adults. Geriatr Gerontol Int 14(Suppl 
1):93–101

	12.	 Yu R, Leung J, Woo J (2014) Incremental predictive value of 
sarcopenia for incident fracture in an elderly Chinese cohort: 
results from the Osteoporotic Fractures in Men (MrOs) Study. 
J Am Med Dir Assoc 15(8):551–558

	13.	 Scott D, Hayes A, Sanders KM, Aitken D, Ebeling PR, Jones 
G (2014) Operational definitions of sarcopenia and their 

associations with 5-year changes in falls risk in commu-
nity-dwelling middle-aged and older adults. Osteoporos Int 
25(1):187–193

	14.	 Bruyere O, Beaudart C, Ethgen O, Reginster JY, Locquet M 
(2019) The health economics burden of sarcopenia: a systematic 
review. Maturitas 119:61–69

	15.	 Clynes MA, Gregson CL, Bruyere O, Cooper C, Dennison EM 
(2021) Osteosarcopenia: where osteoporosis and sarcopenia col-
lide. Rheumatology (Oxford) 60(2):529–537

	16.	 Drey M, Sieber CC, Bertsch T, Bauer JM, Schmidmaier R (2016) 
Osteosarcopenia is more than sarcopenia and osteopenia alone. 
Aging Clin Exp Res 28(5):895–899

	17.	 Isaacson J, Brotto M (2014) Physiology of mechanotransduction: 
how do muscle and bone “talk” to one another? Clin Rev Bone 
Miner Metab 12(2):77–85

	18.	 Kull M, Kallikorm R, Lember M (2012) Impact of a new 
sarco-osteopenia definition on health-related quality of life in 
a population-based cohort in Northern Europe. J Clin Densitom 
15(1):32–38

	19.	 Kanis JA, Kanis JA (1994) Assessment of fracture risk and its 
application to screening for postmenopausal osteoporosis: Syn-
opsis of a WHO report. Osteoporosis Int 4:368–381

	20.	 Schaap LA, Van Schoor NM, Lips P, Visser M (2018) 
Associations of sarcopenia definitions, and their components, 
with the incidence of recurrent falling and fractures: The 
longitudinal aging study Amsterdam. J Gerontol A Biol Sci Med 
Sci 73(9):1199–1204

	21.	 Woo J, Arai H, Ng TP, Sayer AA, Wong M, Syddall H et al 
(2014) Ethnic and geographic variations in muscle mass, muscle 
strength and physical performance measures. European geriatric 
medicine 5(3):155–164

	22.	 Phu S, Vogrin S, Zanker J, Bani Hassan E, Al Saedi A, Duque G 
(2019) Agreement between initial and revised european working 
group on sarcopenia in older people definitions. J Am Med Dir 
Assoc 20(3):382–3.e1

	23.	 Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima 
K et al (2020) Asian working group for sarcopenia: 2019 con-
sensus update on sarcopenia diagnosis and treatment. J Am Med 
Dir Assoc 21(3):300-307e2

	24.	 Studenski SA, Peters KW, Alley DE, Cawthon PM, McLean RR, 
Harris TB et al (2014) The FNIH sarcopenia project: rationale, 
study description, conference recommendations, and final esti-
mates. J Gerontol A Biol Sci Med Sci 69(5):547–558

	25.	 Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Ceder-
holm T et al (2019) Sarcopenia: revised European consensus on 
definition and diagnosis. Age Ageing 48(1):16–31

	26.	 Ibrahim K, May C, Patel HP, Baxter M, Sayer AA, Roberts 
H (2016) A feasibility study of implementing grip strength 
measurement into routine hospital practice (GRImP): study 
protocol. Pilot Feasib Stud 2(1):27

	27.	 Han A, Bokshan SL, Marcaccio SE, DePasse JM, Daniels AH 
(2018) Diagnostic criteria and clinical outcomes in sarcopenia 
research: a literature review. J Clin Med 7(4):70

	28.	 Leong DPD, Teo KKP, Rangarajan SM, Lopez-Jaramillo PP, 
Avezum AMD, Orlandini AMD et al (2015) Prognostic value 
of grip strength: findings from the prospective urban rural 
epidemiology (PURE) study. The Lancet (British edition) 
386(9990):266–273

	29.	 Ji HM, Han J, Won YY (2015) Sarcopenia and osteoporosis. Hip 
Pelvis 27(2):72–76

	30.	 Roh YH, Koh YD, Noh JH, Gong HS, Baek GH (2017) Evalua-
tion of sarcopenia in patients with distal radius fractures. Arch 
Osteoporos 12(1):5

	31.	 Newman AB, Kupelian V, Visser M, Simonsick EM, Good-
paster BH, Kritchevsky SB et al (2006) Strength, but not mus-
cle mass, is associated with mortality in the health, aging and 

http://creativecommons.org/licenses/by/4.0/


	 Archives of Osteoporosis           (2025) 20:10    10   Page 12 of 12

body composition study cohort. J Gerontol A Biol Sci Med Sci 
61(1):72–77

	32.	 Cheung C-L, Tan KCB, Bow CH, Soong CSS, Loong CHN, 
Kung AW-C (2012) Low handgrip strength is a predictor of 
osteoporotic fractures: cross-sectional and prospective evidence 
from the Hong Kong Osteoporosis. Age (Dordr) 34(5):1239–48

	33.	 DiGirolamo DJ, Kiel DP, Esser KA (2013) Bone and 
skeletal muscle: neighbors with close ties. J Bone Miner Res 
28(7):1509–1518

	34.	 Laurent MR, Dubois V, Claessens F, Verschueren SM, Vander-
schueren D, Gielen E et al (2016) Muscle-bone interactions: 
from experimental models to the clinic? A critical update Mol 
Cell Endocrinol 432:14–36

	35.	 Park JH, Park KH, Cho S, Choi YS, Seo SK, Lee BS et al (2013) 
Concomitant increase in muscle strength and bone mineral 
density with decreasing IL-6 levels after combination therapy 
with alendronate and calcitriol in postmenopausal women. 
Menopause 20(7):747–753

	36.	 Yu R, Leung J, Woo J (2014) Sarcopenia combined with FRAX 
probabilities improves fracture risk prediction in older Chinese 
men. J Am Med Dir Assoc 15(12):918–923

	37.	 Sing CW, Woo YC, Lee ACH, Lam JKY, Chu JKP, Wong ICK 
et al (2017) Validity of major osteoporotic fracture diagnosis 
codes in the clinical data analysis and reporting system in Hong 
Kong. Pharmacoepidemiol Drug Saf 26(8):973–976

	38.	 Yeung SSY, Reijnierse EM, Pham VK, Trappenburg MC, Lim 
WK, Meskers CGM et al (2019) Sarcopenia and its association 
with falls and fractures in older adults: a systematic review and 
meta-analysis. J Cachexia Sarcopenia Muscle 10(3):485–500

	39.	 Dewan N, MacDermid JC, Grewal R, Beattie K (2018) Risk 
factors predicting subsequent falls and osteoporotic fractures at 
4 years after distal radius fracture—a prospective cohort study. 
Arch Osteoporos 13(1):32–39

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Evaluation of using grip strength and hand muscle cross-sectional area to predict secondary fractures post distal radius fracture
	Abstract
	Summary 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Method
	Statistical analysis
	Results
	Discussion
	Conclusion
	Appendix
	References


