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hormone than in group C. However, adrenaline and nor-
adrenaline values were lower in group B than in group C at 
all measured time intervals, and correspondingly leptin was 
lower in all groups (p = 0.001). Corticosteroid values were 
normal in group B compared to slightly higher values in 
group C, also at all measured time intervals.  Conclusion:  In 
this study, healing of fractures in patients with concomitant 
head injuries was accelerated, thereby indicating an involve-
ment of a combined neurohormonal mechanism. 

 © 2016 S. Karger AG, Basel 

 Introduction 

 The increased rate of fracture healing and abundant 
callus formation of long-bone fractures in patients with 
concomitant acute post-traumatic head injury and the 
frequent occurrence of heterotopic ossification are well-
known orthopedic observations  [1–6] . In spite of numer-
ous attempts to establish the mechanisms involved where-
by severe head injury influences osteogenesis at a distant 
site, the relation remains poorly understood. Some stud-
ies have shown that the cause of these clinical observa-
tions could be due to either circulating humoral factors, 
which are released in the damaged brain, or through di-
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 Abstract 

  Objective:  The aim of this study is to investigate healing of 
fractures in patients with concomitant head injuries and to 
measure blood hormone levels to elucidate the mechanism 
of a possible accelerated osteogenesis.  Materials and Meth-

ods:  One hundred and sixty-two patients were included in 
this study and divided into 3 cohorts: group A with head in-
juries only (n = 52); group B with head injuries as well as long-
bone fractures (n = 50); group C with long-bone fractures 
only (n = 60). Fracture-healing parameters including time of 
appearance and thickness of the bridging callus, and blood 
hormonal assays were measured and compared using Stu-
dent’s t test.  Results:  The mean time to healing was signifi-
cantly lower in cohort B (6.9 ± 2.9 weeks) than C (22.4 ± 8.7 
weeks; p = 0.001). The mean thickness of the healing callus 
was significantly higher in cohort B (26.3 ± 9.7 mm) than C 
(8.1 ± 5.9 mm; p = 0.002). The mean healing rate was also 
higher in cohort B (4.5 ± 2.3 mm/week) than C (0.38 ± 0.21 
mm/week; p = 0.001). Blood hormonal assays in group B 
showed higher values of parathyroid hormone and growth 
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rect nerve signaling pathways  [7, 8] . Neurohormonal or 
neurohumoral mechanisms were also suggested in other 
studies  [9, 10] . Therefore, the aim of this study was to in-
vestigate fracture-healing parameters and the role of hor-
mones in acute traumatic head injuries, in trauma pa-
tients with or without long-bone fractures.

  Subjects and Methods 

 One hundred and sixty-two patients were included in this 
study. Inclusion criteria were patients being within the age group 
of 20–60 years, and without a history of chronic ill health or sys-
temic diseases. Exclusion criteria were patients being on perma-
nent medications and undergoing therapy for diabetes mellitus, 
ischemic heart diseases, chronic renal failure, endocrine diseases, 
and corticosteroid treatment for bronchial asthma, rheumatoid ar-
thritis, other arthritides, and inflammatory and autoimmune dis-
eases.

  From September 19, 2011, to October 1, 2013, patients were 
included in the study in 3 groups: group A comprised patients with 
severe head injury [defined as patients admitted to the intensive 
care unit with a Glasgow Coma Scale (GCS) score of 8 or less] with-
out long-bone fractures; group B were patients with severe head 
injury and long-bone diaphyseal fractures (humerus, femur, and 
tibia), and group C consisted of patients with long-bone fractures 
only.

  The participants recruited into each group were as follows: 
group A, 52 (males: 49 and females: 3); group B, 50 (males: 48 and 
females: 2), and group C, 60 (males: 55 and females: 5). The char-
acteristics of the injuries including GCS, cause of injury, type of 
fracture and status of the participants are listed in  table 1 . The GCS 
for groups A and B ranged from 3 to 8, and road traffic accidents 
were the major causes of the injury in the groups (A: 36, B: 45, C: 
38). Head injuries were involved in groups A and B. Types of frac-
ture in groups A–C included the humerus, femur, and tibia. 

  The computed tomographic (CT) data at presentation are list-
ed in  table 2  for groups A and B. The most important CT data for 
groups A and B were skull fractures in 33 versus 24, cranial bones 
only in 24 versus 18, subdural hematoma in 30 versus 16, subarach-
noid hemorrhage in 28 versus 13, diffuse brain edema in 23 versus 
32, and lobe and intracerebral hemorrhage contusion in 22 versus 
24. All fractures of a long-bone in group C were managed surgi-
cally and skeletally stabilized using plates or intramedullary nails.

  Healing parameters of long-bone fractures in groups B and C 
were calculated. It included time to union in weeks, maximal thick-
ness of the union-bridging callus as measured in the CT scan, and 
healing rate, which was defined as the maximal thickness of the 
union-bridging callus in millimeters divided by the time to healing 
in weeks. 

  Blood samples were withdrawn from the injured patients of all 
groups at: (a) 24 h, (b) 72 h, (c) 1 week, (d) 2 weeks, and (e) 3 weeks 
from the time of injury. A 10-ml blood aliquot was withdrawn each 
time. These blood samples were processed by centrifugation and 
after separation of red blood cells; separated sera were preserved at 
–85   °   C. 

  The blood samples from different patient groups were used to 
measure the level of parathyroid hormone, growth hormone, cor-

 Table 1.  Patient biodata and characteristics of injuries

Group A Group B Group C

Number recruited 52 50 60
Age, years

Mean 32 ± 5.7 31.4 ± 8.5 33 ± 7.8
Range 20 – 60 21 – 59 20 – 60

Sex (M/F) 49/3 48/2 55/5
GCS score

Mean 6 7 15
Range 3 – 8 3 – 8 0

Cause of injury
RTA 36 45 38
Fallen object 5 2 0
Fall from height 5 3 5
Blast 1 0 1
Industrial trauma 5 0 12
Head injury yes yes 0

Types of fracture
Humerus 0 18 17
Femur 0 21 22
Tibia or fibula 0 19 30

Status of patient (alive/dead) 52/7 50/1 60/0

 Group A: patients with severe head injury only; group B: pa-
tients with severe head injury and long-bone diaphyseal fractures; 
group C: patients with long-bone fractures only. RTA = Road traf-
fic accident.

 Table 2.  Findings of brain CT scan in groups A and B

CT scan head findings  Group A Group B

 n % n %

Skull fractures 33 63.5 24 48
Cranial bones only 24 46.2 18 36
Facial bones only 4 7.7 4 8
Cranial and facial fractures 5 9.6 2 4
Fractured base of the skull 3 5.7
Subdural hematoma 30 57.7 16 32
Subarachnoid hemorrhage 28 53.8 13 26
Diffuse brain edema 23 44.2 32 64
Lobe and intracerebral

hemorrhagic contusion 22 42.3 24 48
Midline shift 12 23.1 3 6
Extradural hematoma 10 19.2 15 30
Pneumocephalus 6 11.5 9 18
Impending conization 6 11.5 2 4
Diffuse axonal brain injury 5 9.6 3 6
Intraventricular hemorrhage 4 7.7 2 4

 Group A: patients with severe head injury only; group B: pa-
tients with severe head injury and long-bone diaphyseal fractures.
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ticosteroids, adrenaline, noradrenaline, and leptin. Parathyroid 
hormone, serum growth hormone, and corticosteroids were as-
sayed using an Immulite Automated Immunoassay Analyzer, 
which is a continuous, random access instrument and performs 
automated chemiluminescent immunoassays. The remaining hor-
mones were assayed in serum using the enzyme-linked immuno-
sorbent assay technique. 

  Statistical Analysis 
 The demographic and the clinical data of bone healing and hor-

monal assays were analyzed using SPSS for Windows (version 16). 
Means and standard deviations were determined. Mean scores be-
tween any two groups of patients were compared using the χ 2  
square and the Student t test. A p value <0.05 was considered sta-
tistically significant.

  Results 

 The mean age of the patients matched evenly in the 3 
groups of the study, as shown in  table 3 . The long-bone 
fractures in head injury patients (group B) showed statisti-
cally significant shortened times to appearance of a union-
bridging callus in the follow-up X-rays compared to the 
times of union of fractures in patients with long-bone 
fractures only (group C; p = 0.001). In addition, long-bone 
fractures showed a statistically significant higher thick-
ness of the union-bridging callus and the healing rate in B 
patients compared to C patients (p = 0.002 and p = 0.001, 
respectively), as shown in  table 3  and  figure 1 . 

  Head injury without or with long-bone fractures in 
groups A and B resulted in statistically significant higher 
values of parathyroid hormone compared to patients 
with long-bone fractures only (group C) and to normal 
levels in the healthy subjects (p1 = 0.03, paired t test be-
tween groups A and C; p2 = 0.01, between group A and 
normal average in healthy subjects; p3 = 0.04, between 
groups B and C; p4 = 0.03, between group B and normal 
range in healthy subjects). Patients with head injury com-

bined with long-bone fractures (group B) had higher lev-
els of parathyroid hormone compared with patients with 
head injury and no long-bone fractures (group A; p5 = 
0.04). In all groups of patients, the parathyroid hormone 
fell to subnormal levels below the normal levels in healthy 
subjects from the end of the second week to the end of the 
third week (p2 = 0.01, p4 = 0.01, and p5 = 0.03 between 
group C and normal subjects); the parathyroid hormone 
levels in all groups are shown in  table 4  and  figure 2 .

  Growth hormone was statistically significantly higher 
in patients of all groups compared to healthy subjects
(p2 = 0.001, p4 = 0.001, and p5 = 0.002, paired t test). It 
fell to subnormal levels at the end of the third week in pa-
tients of group C only, as shown in  table 4 . 

 Table 3.  Comparison of healing indicators of long-bone fractures in patients of groups B and C

Patient
group

Patients
who finished
follow-up

Long-bone
fractures

Fractures
without union

Mean
healing
time, weeks

Mean 
maximal thickness
of union callus, mm

Mean 
healing rate,
mm/week

B 50 58 0 6.91 (3 – 20) 26.33 (4 – 48) 4.55 (0.2 – 10.6)
C 60 69 9 (13%) 22.41, 2 (13 – 41) 8.13, 4 (2 – 20) 0.385, 6 (0.11 – 1)

 1 p = 0.001, 2 p = 0.01, 3 p = 0.0001, 4 p = 0.001, 5 p = 0.001, 6 p = 0.001. Group B: patients with severe head injury and long-bone di-
aphyseal fractures; group C: patients with long-bone fractures only. Figures in parentheses are ranges unless indicated otherwise.

  Fig. 1.  Three-dimensional CT scan of both femora with acceler-
ated fracture healing and abundant callus formation 6 weeks after 
injury in a group B patient with severe head injury.  
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  All patient groups showed normal levels of corticoste-
roids compared to healthy subjects, without statistically 
significant differences between the patients in the differ-
ent groups and during the whole 3-week period of follow-
up. The levels were normal in group B compared to the 

slightly higher values in group C, and the normal levels in 
healthy subjects, but without statistical significance, as 
shown in  table 4 .

  Patients with long-bone fractures only showed consis-
tent and statistically significant higher values of noradren-

 Table 4.  Values of the hormonal assay in the study groups A–C and in normal subjects from 24 h to 3 weeks after injury

Investigated
hormone

24 h 3 days 1 week 2 weeks 3 weeks Normal values

Parathyroid hormone, pg/ml
Group A 61.56 ± 27.40 39.46 ± 21.64 39.26 ± 17.40 16.14 ± 9.35 12.53 ± 5.48 25.94 ± 10.67
Group B 73.24 ± 52.96 48.71 ± 22.87 40.38 ± 21.30 15.72 ± 8.56 15.78 ± 6.89
Group C 57.78 ± 30.36 34.58 ± 14.67 32.67 ± 19.91 13.85 ± 7.40 9.33 ± 4.70

Growth hormone, μg/ml
Group A 0.79 ± 0.59 0.81 ± 0.43 3.47 ± 1.39 0.7 ± 0.2 32.6 ± 14.93 0.4 ± 0.23
Group B 0.77 ± 0.19 0.89 ± 0.26 0.91 ± 0.16 1.16 ± 0.36 16.5 ± 4.86
Group C 0.86 ± 0.16 0.9 ± 0.27 1.75 ± 0.75 1.54 ± 0.79 0.31 ± 0.11

Adrenaline, pg/ml
Group A 49 ± 9 48 ± 11 50 ± 10 56 ± 13 49 ± 7 50 ± 11
Group B 47 ± 11 48 ± 12 57 ± 15 58 ± 10 63 ± 22
Group C 63 ± 12 73 ± 11 74 ± 12 71 ± 15 71 ± 13

Noradrenaline, pg/ml
Group A 481 ± 42.4 106 ± 82 316 ± 38.2 105 ± 34.8 123.2 ± 34.7 129.7 ± 26.8
Group B 277 ± 102 82 ± 24 126 ± 25 120 ± 50 125 ± 21
Group C 1,004 ± 234 528 ± 103 598 ± 112 510 ± 61 504 ± 102

Corticosteroids, μg/ml
Group A 15.25 ± 8.29 13.65 ± 7.49 12.30 ± 10.15 13.60 ± 4.23 15.10 ± 5.37 11.79 ± 5.02
Group B 16.82 ± 6.64 14.55 ± 7.21 13.52 ± 7.9 14.86 ± 5.75 13.99 ± 3.88
Group C 14.88 ± 7 13.76 ± 6.53 12.30 ± 5.15 13.6 ± 4.23 15.1 ± 5.37

Leptin, pg/ml
Group A 14,881.8 ± 3,700.8 9,495.3 ± 5,866.5 8,998.5 ± 4,183.8 4,414.9 ± 1,716.2 1,084 ± 859.2 21,047 ± 11,255
Group B 45,743 ± 510 4,680 ± 224 5,982 ± 451 2,633 ± 259 1,136 ± 196
Group C 8,262 ± 1,500 5,229 ± 845 3,545 ± 499 6,617 ± 1,200 1,475 ± 517
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  Fig. 2.  Line chart of serum parathyroid hor-
mone values in patient groups A–C during 
their first 3 weeks of follow-up, with D in-
dicating the normal level in healthy sub-
jects. 
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aline compared to patients with head injury alone or as-
sociated with long-bone fractures, and to the normal 
range in healthy subjects (p1 = 0.001, p3 = 0.001, and
p5 = 0.001, paired t test). The levels of noradrenaline in pa-
tients with head injury with or without long-bone fractures 
were comparable to the hormone levels in healthy subjects 
during the 3 weeks of follow-up, without any statistically 
significant difference, as shown in  table 4  and  figure 3 .

  The adrenaline showed the same pattern as noradren-
aline with a statistically significant higher level of adrena-
line in patients with long-bone fractures only compared 
to patients with head injury with or without long-bone 
fractures and normal levels (p1 = 0.001, p3 = 0.001, and 
p5 = 0.002, paired t test). Again, the levels of adrenaline 
in patients with head injury with or without long-bone 
fractures were normal or subnormal during the 3 weeks 
of follow-up, with a statistically insignificant difference, 
as shown in  table 4 .

  The assessment of leptin showed a statistically signifi-
cant decrease during the 3 weeks of follow-up in blood 
samples of all groups of patients compared to normal lev-
els (p1 = 0.002, p3 = 0.001, and p5 = 0.001, paired t test), 
as shown in  table 4 .

  Discussion  

 In this prospective controlled study, the findings that 
the healing of long-bone fractures was faster and had a 
more exuberant and florid formation of the union callus 

in patients with associated severe head injury compared 
to patients with long-bone fractures only confirmed those 
of previous studies  [1, 8, 9] .

  Based on the hormonal bioassay of blood samples 
from patients recruited in this study, the consistent and 
statistically significant higher levels of parathyroid hor-
mone and growth hormone could indicate the hormonal 
or neurohormonal mechanism of the accelerated healing 
of long-bone fractures in patients with associated severe 
head injury.

  The statistically significant higher level of noradrena-
line and adrenaline in patients with long-bone fractures 
might only reflect a relative inhibition of nerve signaling 
of the sympathetic nervous system via neuromediators 
(mainly the principal inhibitory neurotransmitter γ-ami-
nobutyric acid and possibly other neurotrophins or neu-
ropeptides) in the hypothalamus in head injury patients 
with or without long-bone fractures. This in turn could 
lead to substantial mobilization of undifferentiated mes-
enchymal stem cells and osteoprogenitor cells to the pe-
ripheral circulation to induce accelerated abundant heal-
ing of long-bone fractures, indicating a combined neuro-
hormonal mechanism to explain this accelerated healing 
 [10–14] .

  The normal level of corticosteroids in severe head in-
jury patients with associated long-bone fractures could 
reflect a relative neuronal inhibition of the suprarenal 
cortex in producing the antiosteogenic corticosteroids, 
inducing an inflammatory condition, which is mandato-
ry to bone healing.
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  Fig. 3.  Column chart of serum noradrena-
line values in patient groups A–C during 
their first 3 weeks of follow-up, with D in-
dicating the normal level in healthy sub-
jects. 
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  The statistically significant low blood level of leptin in 
patients with severe head injury and associated long bone 
fractures and in patients of the other groups might con-
firm its antiosteogenic effect due to its downregulation in 
the environment of accelerated osteogenesis. Karsenty 
 [14]  characterized the mechanism by which leptin regu-
lates bone mass, showed that the sympathetic nervous 
system is the intermediate between leptin and osteoblasts, 
and therefore suggested that β-blockers, drugs which are 
used routinely to treat high blood pressure, could also 
help reverse osteoporosis.

  Our suggested mechanism of accelerated bone healing 
in head injury patients with associated long-bone frac-
tures confirmed the findings of previous studies  [15–23]  
where released growth factors, basically bone morphoge-
netic protein, in brain-injured patients were in relation to 
increased bone healing, and where it was suggested that 
trauma to the central nervous system could increase the 
release of, or decreased uptake of, bone formation media-
tors that might enter the systemic circulation. Other 
chemicals might be released from the brain, which act to 
stimulate the local production of bone morphogenetic 
protein or other growth factors or mediators. 

  The traditional view is that bone healing and remodel-
ing are regulated by autocrine/paracrine and hormonal 
mechanisms; recent work suggests an influence of higher 
integrating neuronal pathways, and the most striking
evidence for this nervous system control is the leptin-hy-
pothalamus inhibitory effect on the body bone mass.
Several neuropeptides, neurotrophins, and classical
neurotransmitters, such as noradrenaline and serotonin, 
were described as possible neuromediators  [10–14] .

  In their study of the anatomical analysis of the inner-
vation of murine femora and the effects of denervation of 
these femora on the cellularity of the femoral bone mar-
row and the mobilization of the osteoprogenitor stem 
cells into peripheral blood, Afan et al.  [10]  concluded that 
the nervous system has an important role in the selective 
control of bone marrow cellularity, and that the denerva-
tion leads to a decrease in the femoral bone marrow cel-
lularity and mobilization of progenitor cells to the pe-
ripheral blood. The study also indicates a possible ner-
vous control of cell proliferation within the bone marrow. 
These studies confirm our results, and their conclusions 
support our proposed possible mechanism to explain the 
acceleration of bone healing in head injury patients.

  The major strength of this study is its contribution to 
the understanding of the regulatory mechanism of bone 
healing, and that bone healing might be controlled neu-
ronally and centrally via the hypothalamus-sympathetic 

nervous system pathway, through neuromediators of 
neurotransmitters, neuropeptides, or neurotrophins. Ac-
cordingly, we suggest that sympatholytic medications 
such as β-blockers and others may enhance bone healing 
and may have a therapeutic impact on the treatment of 
delayed fracture union and nonunion, but this should re-
main a topic for further experimental research work.

  The limitations of our study include: (a) the determi-
nation of the exact time of union, whether clinical or ra-
diological, and the controversies of definition of radio-
logical union, which may need daily X-rays, which is im-
possible for very obvious reasons; (b) the dependence 
basically on the bridging callus as radiological criterion 
among others to assess union; (c) the recruitment of pa-
tients with different long-bone fractures (humeral, femo-
ral, and tibial) which have different healing potentials and 
rates.

  Conclusion 

 The current study demonstrated that long-bone frac-
tures in patients with concomitant head injuries healed at 
a faster rate, and with more exuberant and florid callus 
formation, and suggested a combined neurohormonal 
mechanism with a central neuronal control by a relative 
inhibition of the sympathetic nervous system as a possible 
cause for such an accelerated healing. 
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