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Özet

Amaç: Bu çalışmanın amaçları (i), toplum içinde yaşayan spinal kord ya-
ralı bireylerde uzun kemik kırıklarının prevalansını ortaya koymak ve (ii) 
kırık oluşumu ile fonksiyonellik ve toplumsal entegrasyon arasındaki iliş-
kiyi tanımlamaktır.
Gereç ve Yöntemler: Kuzeybatı Bölgesel Spinal Kord Yaralanması Sistemi 
(KBBSKYS) veri tabanından rastgele seçilen 250 hastaya çalışma anketi ve 
onam formları gönderildi. Hastaların demografik parametreleri ve top-
lumsal entegrasyon seviyeleri KBBSKYS veri tabanından elde edilirken, 
yürüme indeksi skorları ile aktivite seviyeleri gönderilen anketlerden elde 
edildi. Ankete cevap veren hastalar kırığı olup olmamasına göre gruplara 
ayrıldı. Gruplar arası farklılıklar istatistiksel olarak analiz edildi.
Bulgular: Hastalardan 70 tanesi anket ve onam formlarını onaylayarak 
geri gönderdi. On hasta (%14) spinal kord yaralanması sonrasında kırık 
oluştuğunu bildirdi. Spinal kord yaralanması sonrasında geçen sürenin 
uzun olması ve ileri yaş, kırık oluşumu ile ilintili faktörler olarak belirlendi. 
Sonuç: Toplum içinde yaşayan spinal kord yaralanmalı hastalarda kırıklar 
sıktır ve sigara kullanımı, yaş ile yaralanma sonrası geçen sürenin uzunlu-
ğu kırık oluşumunu etkileyen önemli faktörlerdir.
Anahtar Kelimeler: Spinal kord yaralanması, uzun kemik kırıkları, oste-
oporoz

Abstract

Objective: The purposes of this study are (i) to determine the prevalence 
of long bone fractures in a sample of persons with SCI living in the com-
munity and (ii) to determine the relationship between functionality, com-
munity integration, and fracture occurrence.
Material and Methods: Two hundred fifty persons chosen randomly 
from the Northwest Regional Spinal Cord Injury System (NWRSCIS) da-
tabase were screened by mailing the study questionnaire and consent 
forms. Demographic parameters and social integration levels were ob-
tained from the NWRSCIS database, whereas walking index for spinal 
cord injury scores and activity levels were obtained from the study ques-
tionnaire. Patients were divided into two groups based on whether or not 
they had had any fractures since their acute SCI. The differences between 
groups were statistically analyzed.
Results: Seventy patients returned the questionnaire and the consent 
forms. Ten (14%) patients reported that they had experienced fractures 
after spinal cord injury. Those who had a longer duration of injury and 
who were older were more likely to have had a fracture since the acute 
SCI.
Conclusion: Fractures in community-living patients with SCI are com-
mon, and smoking, age, and time since injury are important factors that 
are related to fracture occurrence after SCI.
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Introduction

Osteoporosis is a complication seen in approximately 75% 
of patients with SCI, and it increases the fracture rate 5- and 
23-fold in the tibia and femur, respectively, when compared to 
able-bodied people (1,2). Cortical bone mineral loss is about 
20%-25% over the first 2 years following SCI, whereas trabecu-
lar bone loss is about 55% (3). Efforts for the prevention of os-
teoporosis below the level of injury, such as exercise (4,5) and 
electrical stimulation (6,7), are not efficacious in this group of 
patients. The incidence of long bone fractures in SCI has been 
reported to be between 1%-7% (8-11) in short-term studies but 
33% in long-term follow-up studies (12). Fractures in patients 
with SCI mostly result from minor traumas occurring during 
daily activities (9,10,13).

Immobilization and decreased weight load on the bones 
associated with the degree of paralysis are the main factors of 
osteopenia and osteoporosis in patients with spinal cord injury 
(SCI). Bone resorption markers begin to increase soon after the 
injury, and bone loss below the level of injury occurs early, es-
pecially in the first 6 months after SCI, and can predispose to 
long bone fractures. This study is a pilot study that will examine 
the factors that may impact this outcome of altered bone me-
tabolism.

The purposes of this study are (i) to determine the preva-
lence of long bone fractures in a sample of persons with SCI 
living in the community and (ii) to determine the relationship 
between functionality, community integration, and fracture oc-
currence.

Material and Methods

Exclusion criteria for this study were (1) SCI<18 and >55 
years of age; (2) metabolic diseases, such as thyroid and para-
thyroid gland disorders and metabolic bone diseases (Paget’s 
disease, algodystrophy); (3) chronic inflammatory diseases and 
malignancies; (4) treatment with drugs affecting bone metabo-
lism, such as chronic corticosteroids (excluding any given at the 
time of the acute injury), oral contraceptive drugs, hormone 
replacement therapy, thiazide diuretics, antiepileptics, lithium, 
and androgens; and (5) chronic renal and liver diseases. The 
Northwest Regional Spinal Cord Injury System (NWRSCIS) da-
tabase was prescreened for those exclusion criteria, and among 
850 people who met the criteria, 250 persons chosen randomly 
were screened by mailing the study questionnaire and consent 
forms. The study design was approved by the IRB at University 
of Washington Medical Center.

Demographic data (gender, age, race, education level, date 
of injury, date of first admission to acute rehabilitation, hours 
of physical, occupational, recreational and vocational rehabili-
tation during their different admissions, American Spinal Injury 
Association [ASIA] motor, and sensory levels), ASIA Impairment 
Scale (14), Functional Independence Measure (FIM) (15), Craig 
Handicap Assessment Reporting Technique (CHART) (16), and 
Craig Hospital Inventory of Environmental Factors (CHIEF) (17) 
scores were obtained from the NWRSCIS database, whereas 

walking index for spinal cord injury (WISCI) (18) scores and ac-
tivity levels were obtained from the study questionnaire.

Walking index for spinal cord injury is an index used to as-
sess walking in patients with SCI. It has 19 levels of walking in 
a hierarchical order with the use of devices and assistance. Ac-
tivity levels were assessed with the Godin Leisure Time Activity 
Questionnaire (GLTEQ) in our study (19). This is a 3-item self-
reported questionnaire that shows strenuous, moderate, and 
mild activities weekly.

Statistical Analysis
Patients were divided into two groups based on whether 

or not they had had any fractures since their acute SCI. The 
differences between groups were statistically analyzed by us-
ing standard software (SPSS v10.0). Chi-square test was used 
for demographic characteristics, and Mann-Whitney U-test was 
used to compare study parameters between fracture and non-
fracture groups.

Results

Seventy patients returned the questionnaire and the con-
sent forms, and the return rate was 28%. Fifteen patients were 
female (21.4%), and 55 were male (78.6%). Mean age for the 
study group was 39.23±10.27 (between 21-55 years). Neuro-
logical level was cervical in 27, thoracic in 32, and lumbar in 11 
patients. Other demographic parameters of the study group are 
presented in Table 1.

Ten (14%) patients reported that they had experienced frac-
tures after spinal cord injury. Smoking was significantly common 
in patients who had fractures (Table 2). Age and time since in-
jury were the two factors significantly associated with fractures 
(Table 3). Those who had a longer duration of injury and who 
were older were more likely to have had a fracture since the 
acute SCI. There was no difference between groups according 
to functional parameters used in this study. Specific parameters 
of patients who had fractures are presented in Table 4.
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Table 1. Descriptive statistics of the study group

    Standard 
 Minimum Maximum Mean Deviation

Age 21.00 55.00 39.23 10.27

BMI 16.70 47.40 25.17 6.57

Time since SCI 1.00 15.00 6.84 4.32

Exercise score .00 128.00 28.45 29.24

Leisure time activity 1.00 4.00 2.20 0.76

WISCI 1.00 21.00 7.47 8.38

Age at injury 16.00 53.00 32.28 9.87

Motor FIM 6.00 54.00 26.51 13.36

CHART-T 220.00 600.00 470.54 121.9

CHIEF-T .00 3.00 .87 0.81

BMI: body mass index; WISCI: walking index for spinal cord injury; FIM: functional 
independence measure; CHART-T: Craig Handicap Assessment Reporting 
Technique-Total; CHIEF-T: Craig Hospital Inventory of Environmental Factors-Total
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Discussion

The results of this study revealed that fractures are common 
in SCI persons and that fracture risk is increasing with smoking, 
a longer duration of injury, and increasing age in community-liv-
ing persons with SCI. There was no difference between groups 
in terms of social integration, exercise level, and other demo-
graphic parameters.

The fractures after SCI are mostly due to minor traumas 
(9,10,13). Moreover, in some cases, there is no trauma reported. 
The distribution and the reason of fractures in our study group 
were relevant with the literature. Almost all of the fractures in 
this pilot study occurred below the level of injury, and the reason 
of the fractures was mostly minor activities, such as range-of-
motion exercises and transfers.

Early mobilization, standing, exercise, and functional elec-
trical stimulation are the main recommended interventions for 
preventing osteoporosis in patients with SCI after the injury 

(20). However, the level of scientific evidence for those inter-
ventions is inconclusive and poor (20). On the other hand, the 
potential detrimental effects (falls and heterotopic ossification 
related to microtrauma) of these interventions are challenging. 
The results of our study showed that there was no difference 
between fracture and non-fracture groups in terms of exercise 
level, leisure time activity, WISCI, and social integration. Thus, 
the level of activity and standing seems to have no effect on 
fracture incidence in this pilot study. 

Smoking is associated with low bone mineral density and 
increased fracture risk in the nondisabled population (21). 
Though its effect on bone loss is apparent, we could not find 
any article in the literature emphasizing its contributing effects 
on bone loss or fracture occurrence in patients with SCI (22). 
Our results showed that smoking may have an important effect, 
at least on fracture occurrence, in community-living adults with 
SCI. However, because of the small sample size of this study, this 
contributing effect needs to be confirmed with larger studies. 

As it is well known, osteoporosis after SCI is a multifactorial 
and inevitable issue. Most of the drugs used for the complica-
tions and problems after SCI have a negative effect on bone me-
tabolism. The necessity to use these drugs for months and years 
may further increase bone loss. Among these drugs, antidepres-
sants are commonly used for depression and for neuropathic 
pain in the acute and subacute stages; antiepileptics are used 
for neuropathic pain; and heparin and low-molecular-weight 
heparin are used for the prophylaxis of deep vein thrombosis. 
However, in most of these instances, there is no alternative to 
shift these medications except, if possible, being careful while 
choosing the least detrimental ones on bone metabolism.

Table 2. Chi-square test results of the demographic characteristics 
of study groups

 Fx group  Non-Fx group 
 (n=10) (n=60) p

Etiology

MVA 4 (40%) 28 (46.7%) 0.50

Gunshot wound - 5 (8.3%)

Fall 3 (30%) 10 (16.7%)

Crush (by tree, etc) 1 (10%) 3 (5.0%)

Surgery - 1 (1.7%)

Sports 2 (20%) 8 (13.3)

Other - 4 (6.7)

Missing  1 (1.7%)

Race

Caucasian 9 (90%) 48 (80%) 0.70

Black - 2 (3.3%)

Hispanic - 1 (1.7%)

Asian American - 5 (8.3%)

Native - 1 (1.7%)

Unknown - 1 (1.7%)

Other 1 (10%) 1 (1.7%)

Missing - 1 (1.7%)

Smoking

No 5 (50.0%) 50 (83.3%) 0.04

<1/2 packet 1(10.0%) 6 (10.0%)

≥1/2 packet 3 (30.0%) 3 (5.0%)

Missing 1 (10.0%) 1 (1.7%)

DVT 2 (20%) 17 (28.3%) 0.85

HO 2 (20%) 4 (6.7%) 0.37

Pressure sore 7 (70%) 28 (48.3%) 0.43

MVA: motor vehicle accident; DVT: deep vein thrombosis; HO: heterotopic 
ossification

Table 3. Mann-Whitney U-test results between groups

 Fracture group Non-fracture group 
 Mean (SD) Mean (SD) p

Age 45.70 (7.33) 38.15(10.34) 0.03

BMI 26.54 (7.38) 24.93 (6.46) 0.48

Time since injury 10.70 (3.97) 6.19 (4.05) 0.003

Exercise score 21.80 (29.8) 29.69 (29.25) 0.35

Leisure time activity 2.30 (0.67) 2.19 (0.78) 0.67

Age at injury 34.90 (8.66) 31.83 (10.06) 0.30

Motor FIM 20.00 (7.86) 27.61 (13.82) 0.11

CHART-P 65.14 (43.49) 81.38 (32.21) 0.22

CHART-M 81.50 (19.55) 81.42 (22.34) 0.86

CHART-O 62.29 (21.93) 63.57 (37.41) 0.74

CHART-T 471.33 (98.88) 470.49 (123.94) 0.80

CHIEF-T 1.10 (0.49) 0.85 (0.82) 0.22

WISCI 6.00 (8.29) 7.72 (8.44) 0.44

BMI: body mass index; FIM: functional independence measure; CHART-P: 
Craig Handicap Assessment Reporting Technique-Physical Independence; 
CHART-M: Craig Handicap Assessment Reporting Technique-Mobility; 
CHART-O: Craig Handicap Assessment Reporting Technique-Occupation; 
CHART-T: Craig Handicap Assessment Reporting Technique-Total; CHIEF-T: 
Craig Hospital Inventory of Environmental Factors-Total; WISCI: Walking Index 
for Spinal Cord Injury
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Bisphosphonates are a group of drugs used in the treatment 
of osteoporosis in able-bodied people. These drugs help to recov-
er bone loss by inhibiting osteoclastic activity. There are promis-
ing reports in the literature about the use of bisphosphonates in 
patients with SCI for fracture prevention. However, in a recent 
review (23), it was pointed out that the data in the literature 
are insufficient to recommend routine use of bisphosphonates 
in SCI patients. It is obvious that further studies need to evaluate 
whether bisphosphonates prevent bone loss during acute peri-
ods and whether the effect of bisphosphonates on bone mineral 
density in SCI is associated with fracture risk reduction.

The limitation of our study was the small sample size, related 
to low response rate. This might have shaded the possible effects 
of other parameters on fracture occurrence in patients with SCI.

Conclusion

Fractures after SCI are common, and smoking, age, and 
time since injury are important factors that are related to frac-
ture occurrence after SCI. When bone metabolism after SCI is 
analyzed and the insufficient results of different interventions, 
such as exercise and functional electrical stimulation, and the re-
ported insufficient efficacy of the treatment of osteoporosis are 
taken into account, the necessity of prophylaxis for osteoporosis 
seems reasonable.
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Table 4. Properties of patients who had fractures

Patient     Neurologic GLTEQ Exercise  WISCI 
 AAI BMI DOI Etiology Level (ASIA) Score frequency FIM Score Location of Fx Reason

46/F 31 19,20 12/27/1990 MVA T12 (C) 15 2 80 19 Toe (1995) Kick

          Femur ROM

          Arm Fall

45/M 30 20,30 11/04/1990 Crush (by tree, etc) T6 (A) 102 1 77 1 Ankle Accident

          Finger Work

          Toe Kick

47/M 32 29,40 04/02/1991 Fall C6 (A) 3 3 59 1 Hand (2002) Fall

47/M 34 22,70 01/28/1992 MVA C5 (A) 0 2 34 1 Shoulder Seizure

52/M 39 19,70 08/16/1992 Other C5 (A) 21 2 77 21 Arm MWA

39/M 29 21,70 07/19/1995 MVA C1 (B) 0 3 16 1 Humerus (2003) ROM

          Calcaneus (2004) Kick

30/F 21 40,40 01/17/1996 MVA T4 (B) 9 2 99 1 Toe Fall

50/M 41 28,60 03/30/1996 Fall T8 (A) 28 2 48 1 Knee (1998) NA

44/M 39 36,90 09/24/2000 Other L1 (A) 19 3 85 13 Calcaneus (2003) Strenuous 
           Activity

57/M 53 26,50 10/08/2001 Fall C3 (A) 21 3 13 1 Wrist (2003) Transfer

AAI: age at injury; BMI: body mass index; DOI: date of injury; GLTEQ: Godin leisure time exercise questionnaire; WISCI: walking index for spinal cord injury;  
MVA: motor vehicle accident; NA: not available 

S55



Yılmaz et al.
Long Bone Fractures After SCI

Ofisi, ABD Eğitim Bakanlığı desteği ile gerçekleştirilmiştir (Destek 
No: H133N000003).

References
1. Lazo MG, Shirazi P, Sam M, Giobbie-Hurder A, Blacconiere MJ, 

Muppidi M. Osteoporosis and risk of fracture in men with spinal 
cord injury. Spinal Cord 2001;39:208-14. [CrossRef]

2. Vestergaard P, Krogh K, Rejnmark L, Mosekilde L. Fracture rates and 
risk factors for fractures in patients with spinal cord injury. Spinal 
Cord 1998;6:790-6. [CrossRef]

3. Biering-Sorensen F, Bohr HH, Schaadt OP. Longitudinal study of bone 
mineral content in the lumbar spine, the forearm and the lower extremi-
ties after spinal cord injury. Eur J Clin Invest 1990;20:330-5. [CrossRef]

4. Jones LM, Legge M, Goulding A. Intensive exercise may preserve 
bone mass of the upper limbs in spinal cord injured males but 
does not retard demineralisation of the lower body. Spinal Cord 
2002;40:230-5. [CrossRef]

5. Goktepe AS, Yilmaz B, Alaca R, Yazicioglu K, Mohur H, Gunduz 
S.Bone density loss after spinal cord injury: elite paraplegic basket-
ball players vs. paraplegic sedentary persons. Am J Phys Med Reha-
bil 2004;83:279-83. [CrossRef]

6. BeDell KK, Scremin AM, Perell KL, Kunkel CF. Effects of functional 
electrical stimulation-induced lower extremity cycling on bone 
density of spinal cord-injured patients. Am J Phys Med Rehabil 
1996;75:29-34. [CrossRef]

7. Leeds EM, Klose KJ, Ganz W, Serafini A, Green BA. Bone mineral 
density after bicycle ergometry training. Arch Phys Med Rehabil 
1990;71:207-9.

8. Comarr AE, Hutchinson RH, Bors E. Extremity fractures of patients 
with spinal cord injuries. Am J Surg 1962;103:732-9. [CrossRef]

9. Nottage WM. A review of long-bone fractures in patients with spi-
nal cord injuries. Clin Orthop Relat Res 1981;155:65-70.

10. Ragnarsson KT, Heiner G. Lower extremity fractures after spinal cord 
injury: a retrospective study. Arch Phys Med Rehabil 1981;62:418-23.

11. Eichenholtz SN. Management of long bone fractures in paraplegic 
patients. J Bone Joint Surg 1963;45:220-6.

12. Frisbie JH. Fractures after myelopathy: the risk quantified. J Spinal 
Cord Med 1997;20:66-9.

13. Sobel M, Lyden JP. Long bone fracture in a spinal-cord-injured pa-
tient: complication of treatment--a case report and review of the 
literature. J Trauma 1991;31:1440-4. [CrossRef]

14. Waring WP 3rd, Biering-Sorensen F, Burns S, Donovan W, Graves D, 
Jha A, Jones L, Kirshblum S, et al. 2009 review and revisions of the 
international standards for the neurological classification of spinal 
cord injury. J Spinal Cord Med 2010;33:346-52.

15. Dodds TA, Matrin DP, Stolov WC, Deyo, RA. A validation of the func-
tional independence measurement and its performance among reha-
bilitation inpatients. Arch Phys Med Rehabil 1993;74:531-6. [CrossRef]

16. Whiteneck GG, Charlifue SW, Gerhart KA, Overholser JD, Richard-
son GN. Quantifying handicap: a new measure of long-term reha-
bilitation outcomes. Arch Phys Med Rehabil 1992;73:519-26.

17. Whiteneck GG, Harrison-Felix CL, Mellick DC, Brooks CA, Charlifue 
SB, Gerhart KA. Quantifying environmental factors: a measure of 
physical, attitudinal, service, productivity, and policy barriers. Arch 
Phys Med Rehabil 2004;85:1324-35. [CrossRef]

18. Ditunno JF Jr, Ditunno PL, Graziani V, Scivoletto G, Bernardi M, Cas-
tellano V,Marchetti M, Barbeau H, et al. Walking index for spinal 
cord injury (WISCI): an international multicenter validity and reli-
ability study. Spinal Cord 2000;38:234-43. [CrossRef]

19. Godin G. Commentary: Godin-Shephard Leisure-Time Physical Ac-
tivity Questionnaire. Health & Fitness Journal of Canada 2011;4:18-
22.

20. Biering-Sørensen F, Hansen B, Lee BS. Non-pharmacological treat-
ment and  prevention of bone loss after spinal cord injury: a sys-
tematic review. Spinal Cord 2009;47:508-18. [CrossRef]

21. Yoon V, Maalouf NM, Sakhaee K. The effects of smoking on bone 
metabolism. Osteoporos Int 2012;23:2081-92. [CrossRef]

22. Morse LR, Battaglino RA, Stolzmann KL, Hallett LD, Waddimba A, Ga-
gnon D, et al. Osteoporotic fractures and hospitalization risk in chronic 
spinal cord injury. Osteoporos Int 2009;20:385-92. [CrossRef]

23. Morse LR, Battaglino RA, Stolzmann KL, Hallett LD, Waddimba A, Ga-
gnon D, et al. Bisphosphonate use in acute and chronic spinal cord 
injury: a systematic review. J Spinal Cord Med 2009;32:215-25.

S56

http://dx.doi.org/10.1038/sj.sc.3101139
http://dx.doi.org/10.1038/sj.sc.3100648
http://dx.doi.org/10.1111/j.1365-2362.1990.tb01865.x
http://dx.doi.org/10.1038/sj.sc.3101286
http://dx.doi.org/10.1097/01.PHM.0000118036.20170.6C
http://dx.doi.org/10.1097/00002060-199601000-00008
http://dx.doi.org/10.1016/0002-9610(62)90256-8
http://dx.doi.org/10.1097/00005373-199110000-00026
http://dx.doi.org/10.1016/0003-9993(93)90119-U
http://dx.doi.org/10.1016/j.apmr.2003.09.027
http://dx.doi.org/10.1038/sj.sc.3100993
http://dx.doi.org/10.1038/sc.2008.177
http://dx.doi.org/10.1007/s00198-012-1940-y
http://dx.doi.org/10.1007/s00198-008-0671-6

