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ABSTRAC T ÖZ

Amaç: Bu çalışmada, travmatik ekstremite yaralanması olan 
hastalarda magnezyum eksikliğinin bir göstergesi olan 
magnezyum deplesyon skoru (MDS) ile kompleks bölgesel ağrı 
sendromu tip 1 (CRPS-1) gelişimi arasında bir ilişki olup olmadığı 
değerlendirildi.

Hastalar ve Yöntemler: Kasım 2024 ile Mayıs 2025 tarihleri 
arasında travmatik ekstremite yaralanması geçiren toplam 
117 hasta çalışmaya dahil edildi. Hastaların demografik ve klinik 
verileri toplandı ve kaydedildi; MDS hesaplandı. Yaş, cinsiyet, 
vücut kitle indeksi (VKİ), sigara kullanımı, alkol tüketimi, diyabet, 
hipertansiyon, immobilizasyon süresi, MDS ve yaralanmaya ilişkin 
özellikler, CRPS-1 gelişimi açısından muhtemel risk faktörleri olarak 
değerlendirildi.

Bulgular: Hastaların 40’si erkek, 77’si kadın olup, yaş ortalaması 
51.9 ± 15.01 (aralık, 20-91) yıl idi. Travmatik ekstremite yaralanması 
olan hastaların toplam %42.7’sinde CRPS-1 gelişti. CRPS-1 gelişen 
hastalarda kadın-erkek oranı, CRPS-1 gelişmeyen hastalara kıyasla 
daha yüksekti. Magnezyum deplesyon skoru, hipertansiyon, diyabet, 
sigara kullanımı ve alkol tüketimi, CRPS-1 gelişimi açısından bağımsız 
risk faktörleri olarak saptanmadı. Buna karşın, uzamış immobilizasyon 
süresi (bir aydan uzun), CRPS-1 gelişimi için bağımsız bir risk faktörü 
olarak belirlendi.

Sonuç: Çalışma sonuçlarımız, MDS’nin CRPS-1 gelişimi için bir risk 
faktörü olmadığını, buna karşın bir aydan uzun süreli immobilizasyonun 
riski anlamlı düzeyde artırdığını göstermektedir. Bu bulgular birlikte 
değerlendirildiğinde, yaralanma sonrası immobilizasyon süresinin, 
CRPS-1 gelişiminde demografik ve klinik özelliklerden daha belirleyici 
bir faktör olabileceğine işaret etmektedir.
Anahtar sözcükler: Kol yaralanmaları, kompleks bölgesel ağrı sendromu, 
immobilizasyon, bacak yaralanmaları, magnezyum eksikliği.

Background: This study aimed to evaluate whether the magnesium 
depletion score (MDS), an indicator of magnesium deficiency, 
is associated with the development of complex regional pain 
syndrome type 1 (CRPS-1) in patients with traumatic extremity 
injuries.

Patients and Methods: Between November 2024 and May 2025, 
a total of 117 patients who suffered from traumatic extremity 
injuries were included. Demographic and clinical data of the 
patients were collected and recorded, and the MDS was 
calculated. Age, sex, body mass index (BMI), smoking status, 
alcohol consumption, diabetes, hypertension, duration of 
immobilization, MDS, and injury-related characteristics were 
evaluated as potential risk factors for CRPS-1 development. 

Results: Of the patients, 40 were male and 77 were female 
with a mean age of 51.9 ± 15.01 (range, 20 to 91 years). In a total 
of 42.7% of patients with traumatic extremity injuries, CRPS-1 
developed. The female-to-male ratio was higher among patients 
with CRPS-1 than among those without. The MDS, hypertension, 
diabetes, smoking, and alcohol consumption were not found to 
be independent risk factors. However, prolonged immobilization 
(more than one month) was found to be an independent risk 
factor for the development of CRPS-1.

Conclusion: Our study results suggest that the MDS score is not a 
risk factor for developing CRPS-1, but immobilization for more than 
one month significantly increases the risk. Taken together, these 
findings indicate that the duration of immobilization following injury 
may be a more decisive factor in the development of CRPS-1 than 
demographic and clinical characteristics.
Keywords: Arm injuries, complex regional pain syndromes, immobilization, leg 
injuries, magnesium deficiency.
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Complex regional pain syndrome type 1 
(CRPS-1) is a clinical condition which typically 
follows trauma or surgery. It is characterized 
by neuropathic pain, as well as sensory, motor, 
autonomic, and trophic disorders, affecting quality 
of life adversely.[1] While its exact pathophysiology 
still remains unclear, inf lammatory and immune 
responses, vasomotor dysfunction, nervous system 
changes, and psychosocial factors are believed to 
contribute to its development.[1,2] Although rare, 
CRPS-1 can lead to significant limitations in daily 
living activities and work capacity.[1,3] Various risk 
factors have been identified in the literature, including 
female sex, high-energy fractures, nerve damage, 
carpal tunnel surgery, severe post-traumatic pain, 
migraine, fibromyalgia, asthma, and rheumatoid 
arthritis.[4-10] 

Abnormal inf lammation following trauma, 
together with peripheral and central sensitization, 
is usually considered to play a fundamental role 
in the development of CRPS-I.[11] The increased 
release of proinf lammatory mediators can enhance 
pain sensitivity in the central nervous system 
by activating N-methyl-D-aspartate (NMDA) 
receptors.[12-14] Magnesium is a physiological 
antagonist that inhibits NMDA receptors and is 
used as an additional analgesic in the treatment 
of neuropathic pain.[15] While some studies have 
reported positive effects of magnesium treatment 
on pain, function, and quality of life in CRPS-1 
patients, these findings have not been consistently 
demonstrated in chronic cases.[16,17] 

It is well established that serum magnesium levels 
alone are insufficient for determining an individual's 
actual magnesium status, as they reflect only a small 
proportion of total body magnesium.[18] Therefore, 
although the magnesium tolerance test (MTT) is 
widely recognized as the most reliable method of 
assessing magnesium status, it is not widely used 
in clinical practice due to practical difficulties. 
The Magnesium Depletion Score (MDS), which 
was developed as an alternative, has been shown 
to correlate well with MTT-confirmed magnesium 
deficiency in individuals.[19]

Various neurodegenerative diseases and 
neuroinflammation have been shown to be associated 
with magnesium deficiency.[20] However, the literature 
provides insufficient evidence to determine whether 
magnesium deficiency plays a role in the development 
of CRPS-1. In the present study, we hypothesized 
that magnesium deficiency might be a risk factor in 
the development of CRPS-1. We, therefore, aimed to 

investigate whether magnesium deficiency, as assessed 
by MDS, was associated with the development of 
CRPS-1 in patients with traumatic extremity injuries 
and to identify other potential risk factors that may 
contribute to CRPS-1 development.

PATIENTS AND METHODS
This single-center, cross-sectional, clinical study 

was conducted at Cemil Taşcıoğlu City Hospital, 
Department of Physical Medicine and Rehabilitation 
between November 2024 and May 2025. Eligible 
patients aged 18 years and older who presented to our 
clinic for rehabilitation following traumatic extremity 
injuries were reviewed. Patients who previously 
experienced CRPS-1, had chronic pain disorders, 
severe heart/liver failure, cognitive impairment, or 
were taking vitamin C supplements were excluded. 
Of a total of 140 patients presenting with traumatic 
extremity injuries, 117 were included in the study. 
Twenty-three patients were excluded: 15 due to the 
absence of renal function tests within the past three 
months, five due to vitamin C supplementation, one 
due to a history of fracture and CRPS-1 in the same 
extremity, and one due to refusal to participate in 
the study. Finally, a total of 117 patients who met the 
inclusion criteria were recruited. Medical histories 
and data relating to the current injury were recorded 
for all participants. A CRPS-1 diagnosis was made 
according to the Budapest criteria, which have a 
high sensitivity (0.99) and specificity (0.68).[21,22] 
A written informed consent was obtained from 
each patient. The study protocol was approved by 
the Medipol University Ethics Committee (Date: 
13.12.2024, No. 1222). The study was conducted in 
accordance with the principles of the Declaration of 
Helsinki. The study was registered at ClinicalTrials.
gov (NCT: 07093424).

In the study, age, sex, body mass index (BMI), 
smoking and alcohol consumption, diabetes, 
hypertension, proton pump inhibitor (PPI) and 
diuretic use, affected extremity, injury type and 
tissue type (fracture, tendon rupture, nerve injury), 
immobilization duration and factors associated 
with MDS were recorded. The MDS scoring system 
evaluated diuretic use (1 point), PPI use (1 point), 
excessive alcohol consumption (1 point), estimated 
glomerular filtration rate (eGFR) of ≥ 90 mL/min 
(0 points), 60- 89 mL/min (1 point), and <60 mL/min 
(2 points).[19]

Statistical analysis

Power analysis and sample size calculation were 
performed using the G*Power version 3.1 software 
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(Heinrich Heine University Düsseldorf, Düsseldorf, 
Germany). For the one-way logistic regression model, 
with α set to 0.05, power set to 0.80, an odds ratio 
(OR) of 2.96 and a probability (P) of 0.20 of Y = 1 
given X = 0, the minimum required sample size was 
calculated to be 67 individuals.[23]

Statistical analysis was performed using the 
IBM SPSS for Windows version 23.0 software 
(IBM Corp., Armonk, NY, USA). The distribution 
of continuous variables was evaluated using the 
Shapiro-Wilk test and visual methods (histograms 
and Q-Q plots). Continuous variables were 
presented in mean ± standard deviation (SD) or 
median (min-max), while categorical variables were 
presented in number and frequency. Between-group 
comparisons of continuous variables were conducted 
using the independent-samples t-test for normally 
distributed data and the Mann-Whitney U test for 
non-normally distributed data. The distribution of 
categorical variables between groups was analyzed 

using the Fisher exact test or the Yate’s corrected or 
Pearson chi-square test, as appropriate. A p value of 
< 0.05 was considered statistically significant. Logistic 
regression analysis was used to determine factors 
associated with CRPS-1. Age, sex, BMI, smoking, 
alcohol consumption, diabetes, hypertension, diuretic 
usage, PPI usage, injured extremity, injured tissue 
types, type of injury, fracture, surgery, tendon rupture, 
nerve damage, immobilization periods, MDS were the 
independent variables. Initially, a univariable analysis 
was performed. Statistically significant independent 
variables (p < 0.10) and potential risk factors reported 
in the literature for inclusion in the binary logistic 
regression analysis were entered into the model using 
forward selection method. The Hosmer-Lemeshow 
test was used to test the appropriateness of the 
regression model. Wald statistical analysis was used 
to determine the significance of the B coefficient. The 
discriminatory power of the variable was examined 
using a receiver operating characteristic (ROC) curve 
analysis of the data. The area under the curve 

Table 1. Clinical characteristics and risk factors by CRPS-1 development

CRPS-1 (–) (n = 67) CRPS-1 (+) (n = 50)

Variables n % Mean ± SD n % Mean ± SD p OR 95% CI p

Age (year) 50.8 ± 15.7 50.5 ± 15.2 0.889* 0.998 0.975-1.002 0.887

BMI (kg/m²) 27.9 ± 5.0 27.1 ± 5.4 0.379* 0.968 0.901-1.040 0.376

Immobilization duration (days) 34.1 ± 12.3 40.5 ± 15.8 0.005† 1.034 1.005-1.064 0.021

MDS 0.79 ± 0.91 0.72 ± 0.86 0.715† 0.912 0.601-1.386 0.667

Sex

Female

Male

42

25

35

15

0.468‡ 1.389 0.636-3.035 0.410

Smoking

No

Yes

46

21

33

17

0.772‡ 0.886 0.406-1.934 0.762

Alcohol consumption 9 8 0.654‡ 0.815 0.290-2.286 0.697

Diabetes 11 6 0.606§ 1.440 0.494-4.200 0.504

Hypertension 14 7 0.346§ 0.616 0.228-1.663 0.339

Injured extremity

Upper

Lower

51

6

37

13

0.793‡ 0.893 0.383-2.080 0.793

Fracture 61 42 0.245‡ 1.937 0.626-5.989 0.251

Surgery 32 24 0.980‡ 0.990 0.476-2.062 0.980

Mechanism of injury

Blunt trauma

Sharp/penetrating

61

6

46

4

0.855‡ 1.131 0.302-4.242 0.855

Tendon rupture 5 5 0.627‡ 1.378 0.376-5.044 0.628

Nerve injury 4 1 0.391§ 3.111 0.337-28.728 0.317

CRPS-1, complex regional pain syndrome type 1; SD, standard deviation; OR, Odds ratio; CI, confidence interval; BDI, body mass index; MDS, magnesium depletion score; *, independent 
samples t-test; †, Mann-Whitney U-test; ‡, Chi-Squared test; §, Fisher exact test. The level of significance was set at p < 0.05. Statistical significance is shown in bold.
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(AUC) was used to assess the test's classification 
performance. An AUC value greater than 0.5 indicates 
that the test performs better than random guessing. 
The optimal cut-off point was determined using the 
Youden index. A p value of < 0.05 was considered 
statistically significant with 95% confidence intervals 
(CIs) were calculated for the OR.

RESULTS
Of a total of 117 patients included in the study, 

40 were male and 77 were female with a mean 
age of 51.9 ± 15.01 (range, 20 to 91 years). Table 1 
shows the demographic, clinical and injury-related 
data of the patients. Accordingly, 91.5% experienced 
blunt trauma, 8.5% sustained injuries from sharp 
instruments and 75.2% had upper extremity injuries. 
Fractures accounted for 88% of injuries, tendon 
injuries for 8.5% and nerve injuries for 4.3%. Of those 
with fractures, 57% received conservative treatment. 
The CRPS-1 developed in 42.7% patients, including 
41% with fractures. Localized osteopenia was detected 
in 50% of these patients.

Logistic regression analysis was performed 
including the risk factors most commonly associated 
with CRPS-1 development (i.e., advanced age, female 
sex, fracture, nerve injury, extremity trauma, surgery, 
and high BMI), immobilization duration, and MDS 
(Table 2). The immobilization period was found to 
be longer in patients who developed CRPS-1 than in 
those who did not, with prolonged immobilization 
increasing the risk of CRPS-1 by 1.034 times.

The ROC analysis was performed to determine 
the threshold value of immobilization duration 
associated with the development of CRPS-1. As 
shown in Figure 1, the AUC was 0.651 (95% confidence 
interval [CI]: 0.549-0.753; p = 0.005). A cut-off value 
of 28.5 days yielded a sensitivity of 86.0% and a 
specificity of 28.4%, with a positive likelihood ratio 
of 1.20 and a negative likelihood ratio of 0.49. These 
results indicate a limited discriminative ability 
of immobilization duration alone for predicting 
CRPS-1.

DISCUSSION
In the present study, we investigated the 

relationship between MDS, a composite clinical 
indicator ref lecting risk factors for magnesium 
depletion, and the development of post-traumatic 
CRPS-1 in patients with traumatic extremity injuries. 
The main findings of this study were as follows: MDS 
was not identified as an independent risk factor for 
CRPS-1 development, while longer immobilization 
duration was associated with an increased risk of 
CRPS-1. These findings suggest that MDS may not be 
an appropriate standalone predictor of post-traumatic 
CRPS-1 in this patient population, whereas prolonged 
immobilization remains an important potentially 
modifiable risk factor.

Although the possible relationship between 
magnesium status and CRPS-1 is biologically plausible, 

Table 2. Logistic regression analysis for CRPS-1 development

95% CI

Independent variables B SE Wald df p OR Lower Upper

Immobilisation duration (days) 0.034 0.015 5.330 1 0.021 1.034 1.005 1.064

Constant -1.537 0.573 7.198 1 0.007 0.215

CRPS-1, complex regional pain syndrome type 1; CI, confidence interval; B, regression coefficient; SE, standard error; df, degree of freedom; OR, odds ratio.  Omnibus test of model 
coefficients: p = 0.022; Nagelkerke R² = 0.089; Hosmer-Lemeshow test: p = 0.147.
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Figure 1. ROC curve for immobilization duration in predicting 
CRPS-1 development.
ROC, receiver operating characteristic; CRPS-1, complex regional pain syndrome 
type 1; AUC, area under the curve. ROC curve analysis of immobilization duration 
for predicting CRPS-1 development. The AUC was 0.651 (95% CI: 0.549–0.753; 
p = 0.005). A cut-off value of 28.5 days yielded a sensitivity of 86.0% and a 
specificity of 28.4%, with a positive likelihood ratio of 1.20 and a negative 
likelihood ratio of 0.49.
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it remains insufficiently clarified. The CRPS-1 is 
a multifactorial pain disorder in which peripheral 
and central sensitization, neurogenic inflammation, 
autonomic dysregulation, altered microcirculation, 
and maladaptive neuroplasticity may contribute 
to symptom development and persistence.[1,11,24,25] 
Among these mechanisms, NMDA receptor-mediated 
nociceptive transmission has particular relevance. 
Experimental and clinical studies have shown 
that inflammatory processes may increase NMDA 
receptor activity at both peripheral and central 
levels, thereby facilitating neuronal hyperexcitability 
and pain amplification.[12-14,26] Magnesium is a 
physiological antagonist of NMDA receptors and may 
modulate nociceptive transmission, neuromuscular 
excitability, inf lammatory responses, oxidative 
stress, and endothelial function.[15,20] Therefore, 
magnesium depletion could theoretically contribute 
to mechanisms involved in CRPS-1, particularly in 
the early post-traumatic period when inflammatory 
and sensitization-related processes are more active.

Previous clinical studies have also suggested a 
potential role for magnesium in CRPS-1 treatment, 
although the evidence is not definitive. Intravenous 
magnesium infusion was reported to improve 
pain and related symptoms in patients with acute 
CRPS-1 in a pilot study.[16] However, a subsequent study 
in patients with chronic CRPS-1 did not demonstrate 
superiority over placebo.[17] This discrepancy may 
indicate that magnesium-related mechanisms are 
more relevant in the early phase of CRPS-1 than in 
the chronic stage, where central reorganization and 
persistent maladaptive pain mechanisms may be 
more established. In the present study, the inclusion 
of both acute and chronic CRPS-1 patients may 
partly explain why MDS was not independently 
associated with CRPS-1 development. Since data on 
the exact interval between trauma and CRPS-1 onset 
were unavailable, we could not determine whether 
magnesium depletion risk was more relevant during 
the early phase of the disease.

To date, no studies have directly evaluated 
magnesium deficiency or the MDS as risk factors for 
the development of CRPS-1. Magnesium depletion 
score has been proposed as a clinical tool reflecting 
the cumulative burden of factors associated 
with magnesium depletion, including impaired 
renal function, diuretic use, PPI use, and alcohol 
consumption.[19] However, it should be emphasized 
that MDS is not a direct biochemical measurement of 
serum or intracellular magnesium concentration. In 
our study, neither MDS nor its individual components, 

including eGFR, diuretic use, chronic alcohol 
consumption, and PPI use, independently increased 
the risk of CRPS-1 in logistic regression analysis. These 
findings suggest that although magnesium depletion 
is mechanistically relevant to pain modulation, MDS 
alone may not be sufficient to identify patients 
at increased risk of post-traumatic CRPS-1. Future 
prospective studies should evaluate MDS together 
with biochemical magnesium measurements, dietary 
magnesium intake, and longitudinal clinical follow-up 
from the early post-traumatic period.

The relationship between medication use and 
CRPS-1 also deserves consideration. De Mos et al.[27] 
reported a significant association between chronic 
angiotensin-converting enzyme (ACE) inhibitor use 
and the onset of CRPS. One proposed explanation is 
that ACE inhibitors may influence neuroinflammatory 
or vascular pathways, and hypomagnesaemia 
secondary to increased magnesium excretion has also 
been discussed as a possible contributing mechanism. 
However, this remains hypothetical. In our study, 
MDS did not emerge as an independent predictor of 
CRPS-1, indicating that magnesium depletion risk, 
as captured by this score, should be interpreted as 
a potential associated clinical marker rather than a 
causal or independent risk factor.

In general, CRPS-1 develops after direct trauma, 
particularly following injuries of the hand and wrist, 
and fractures are among the most frequently reported 
triggering events.[25,28] Distal radius fractures, in 
particular, have been widely studied in relation to 
CRPS-1 development.[7,9] In the present study, fractures 
constituted the majority of traumatic extremity 
injuries, and more than half of the patients underwent 
cast immobilization. Although CRPS-1 developed 
frequently after fractures, neither fracture presence 
nor upper extremity injury was identified as an 
independent risk factor. In contrast, immobilization 
duration was associated with CRPS-1 development. 
The ROC curve analysis was conducted to determine 
the threshold value of this relationship and the 
AUC value was found to be 0.651, indicating that 
the variable has limited but statistically significant 
discriminatory power. The analysis suggested a 
threshold value of 28.5 days for CRPS-1 development; 
however, the relatively low specificity indicates that 
this cut-off alone may have limited value in clinical 
decision-making.

Several demographic and clinical risk factors 
for CRPS-1 have been reported in previous studies, 
including female sex, older age, upper extremity 
injury, high-energy trauma, intra-articular fracture, 
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and high early pain intensity.[5,8,10] However, the 
literature is not entirely consistent. While female 
sex has frequently been reported as a risk factor, 
some authors have suggested that this association 
may partly ref lect the higher incidence of wrist 
fractures among women rather than a direct sex-
specific predisposition.[29,30] De Mos et al.[27] reported 
an increased incidence of CRPS-1 in women with 
menstrual cycle-related disorders. In our study, 
female sex was not an independent risk factor. The 
absence of sex-related differences in our study may be 
attributed to the fact that most of the women included 
were postmenopausal. Similarly, age, hypertension, 
diabetes mellitus, smoking, and alcohol use were not 
independently associated with CRPS-1 development. 
These findings are consistent with previous reports 
showing that demographic and comorbidity-related 
predictors are not uniformly reproducible across 
CRPS-1 populations.[5,31,32] Taken together, our results 
suggest that immobilization duration may be a 
more clinically relevant and potentially modifiable 
factor than baseline demographic characteristics in 
post-traumatic CRPS-1 development.

Nonetheless, this study has several limitations 
that should be acknowledged. First, the retrospective 
design limits causal inference. Second, we did not 
have data on the exact time interval between trauma 
and CRPS-1 onset; therefore, we could not separately 
analyse acute and chronic CRPS-1 patients. This is 
particularly relevant for interpreting the possible 
role of magnesium depletion, as magnesium-related 
mechanisms may differ according to disease stage. 
Third, serum, erythrocyte, or intracellular magnesium 
levels were not measured, and MDS was used only as 
a clinical proxy for magnesium depletion risk. Fourth, 
psychological factors, including anxiety, depression, 
and personality traits, were not evaluated, although 
these factors may influence pain perception, recovery, 
and CRPS-related outcomes. Further prospective 
longitudinal studies beginning in the early post-
traumatic period are needed to clarify whether 
magnesium depletion, biochemical magnesium status, 
immobilization duration, and early pain severity 
interact in the development of CRPS-1.

In conclusion, our study results suggest that 
MDS is not an independent risk factor for the 
development of post-traumatic CRPS-1. However, 
longer immobilization duration can be associated 
with increased CRPS-1 risk, with a threshold of 
approximately one month showing limited but 
statistically significant discriminatory value. 
Taken together, these findings suggest that early 

and controlled mobilization during post-traumatic 
rehabilitation may be clinically important in reducing 
CRPS-1 risk. Despite the biological plausibility of 
magnesium depletion in the pathogenesis of CRPS-1, 
its role should be confirmed in well-designed 
prospective studies employing direct biochemical 
measurements of magnesium status and longitudinal 
follow-up.
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