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Abstract
Background. Abdominal injuries combined with bone fractures are increasing. Splenectomies are often 
required, but have prolonged healing time for bone fracture.

Objectives. The aim of the study was to explore the molecular mechanism for splenectomy delaying 
fracture healing.

Material and methods. Eighty-four patients (42 received splenectomy) who received hip fractures opera-
tions were recruited in our hospital. One-year follow-up analysis was performed. To ensure the results, an 
animal model was established. Sprague-Dawley (SD) rats were randomly divided into 5 groups: group A: 
experimental group, femoral fractures + splenectomy; group B: femoral fractures; group C: splenectomy; 
group D: femoral fracture + sham splenectomy; group E: sham fracture. After the femoral fracture surgery, 
the callus status was evaluated by X-ray.

Results. After 1-year follow-up, the healing index and bone quality was higher in the fracture-operated-
only group than in the splenectomy group. In contrast, the rate of healing complications was lower in the 
fracture-operated-only group than in the splenectomy group. Biomarker analysis showed that the serum 
levels of tumor necrosis factor alpha (TNF-α), interleukin 6 (IL-6) and bone morphogenetic protein (BMP) 
were higher in the fracture-operated-only group than in the splenectomy group. No difference of the callus 
status was found among the rats in groups B, D and E (p > 0.05), while there were significant differences 
of the callus status of the rats in groups A and C at different stages (p < 0.05). On the other hand, the levels 
of TNF-α, IL-6 and BMP increased, reached peak after 7-day splenectomy surgery, and then decreased 
significantly in groups A and C (p > 0.05).

Conclusions. Splenectomy delays fracture healing by affecting the levels of TNF-α, IL-6 and BMP.

Key words: immune function, splenectomy, fracture, tumor necrosis factor-alpha, bone morphogenetic 
protein
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Introduction

Abdominal injuries combined with bone fractures 
caused by accident are increasing.1 Spleen rupture accounts 
for 20–40% of blunt abdominal trauma cases. In many 
cases, splenectomies are required to save the patients’ life. 
Follow-ups have found that patients with splenectomy have 
prolonged healing time for bone fractures.

During the bone formation process, there is a balance be-
tween osteoblast activity and osteoclast activity. The role 
of osteoblasts is to synthesize the bone matrix, and they 
are differentiated from the mesenchymal stem cells; the 
role of osteoclasts is to degrade the bone matrix, and 
they are differentiated from bone marrow mononuclear 
macrophages. The fracture healing process requires a lot  
of new osteoblasts,which help speed up bone synthesis and 
increase bone volume and density.2

Bone fracture healing is a complex process of bone re-
generation, in which immune factors may play important 
roles.3,4 Cytokines, a group of proteins known to regulate 
hemopoietic and immune activities, have been found to 
be involved in fracture healing.5 The interleukin 6 (IL-6)  
polymorphism has been found to be associated with frac-
ture risk. Meta-analysis shows that the IL-6-174 C/G poly-
morphism is related to the risk of wrist and osteoporotic 
fracture.6 Multiple studies show that TNF-α, in combina-
tion with the host reservoir of perifracture mesenchymal 
stem cells, is associated with bone healing.7 Bone morpho-
genetic protein (BMP) is a kind of multi-functional growth 
factor which belongs to the transforming growth factor 
beta (TGF-β) superfamily. High-level expression of BMP 
improves bone callus formation and shortens the time  
of bone fracture healing.8 In this study, delayed bone heal-
ing was found in the fracture-operated patients who also 
received splenectomy. Furthermore, an experimental ani-
mal splenectomy model was used to investigate the effects 
of immune function changes after splenectomy on fracture 
healing in a rat model.

Material and methods

Patients

All procedures were approved by the ethics commit-
tee of Shengjing Hospital of China Medical University 
(Shenyand, China). From May 2, 2010 to July 7, 2015, all 
hip fracture patients were reviewed at our hospital. Pa-
tients with the following diseases were excluded: osteo-
malacia, vitamin D deficiency and hyperthyroidism, as 
they can affect the normal development of bone. The hip 
fracture patients who also received splenectomy were se-
lected as the splenectomy group (SFG), according to the 
International Statistical Classification of Diseases and Re-
lated Health Problems v. 9, Clinical Modification (ICD- 
-9-CM).9,10 Participants without splenectomy were 

randomly selected as the “hip-fracture-only group” (FG). 
The 2 groups were matched by sex, age and baseline char-
acteristics (Table 1). A total of 84 patients (42 received 
splenectomy) who received a hip fracture operation in our 
hospital were selected.

Bone quality analysis

Bone quality at a non-fracture site was assessed accord-
ing to the criteria offered by Singh.11 Bone quality is classi-
fied by 6 grades: from grade 1 (poor bone quality) to grade 
6 (normal bone quality).

Healing complications

Fracture healing complications were investigated after 
surgical repair and after up to 1 year. The complications 
included the rates of infection, delayed union and surgical 
re-intervention.

ELISA analysis of bone healing biomarkers 
in serum

The ELISA kits used to analyze the serum levels were 
the Human TNF-alpha ELISA  Kit (ab46087), Human 
IL-6 ELISA Kit (ab46042) and Human BMP-2 ELISA Kit 
(ab119581). All the kits were purchased from Abcam Trad-
ing Company Ltd. (Shanghai, China).

Animals

To investigate the molecular mechanism for splenectomy 
delaying fracture healing, an animal model was estab-
lished and the main molecules were examined. Healthy 
12-week-old Sprague-Dawley (SD) rats (SPF grade, body 
weight: 300 ±35 g) were provided by Shengjing Hospital 
of China Medical University Experimental Animal Cen-
ter. They were randomly divided into 5 groups (n = 8 for 
each group) by random number table: group A: femoral 
fractures + splenectomy; group B: femoral fractures only; 
group C: splenectomy only; group D: femoral fracture + 
sham splenectomy; group E: sham fracture. The rats were 
housed in the Experimental Animal Center, Shengjing 
Hospital of China Medical University. This study was ap-
proved by the Ethics Committee of Shengjing Hospital  
of China Medical University (2013PS11K).

Surgical methods

Femoral fractures were made by a 0.8 mm diameter wire 
saw. After anesthesia, a lateral femoral incision of about 
2.5 cm was made in the left leg of the rat. Through the skin 
incision and intermuscular space, the full-length femur 
was exposed, and then a transverse fracture was made at 
the midpoint of the femoral shaft using a 0.8 mm diameter 
wire saw, followed by fixation with a 2.0 intramedullary 
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Kirschner wire. After washing with povidone-iodine and 
saline, the muscle and skin were sutured. In the femur-
fracture sham group, a suture was performed after just 
exposing and disinfecting the femur.

After anesthesia and skin preparation, with the rat in 
the right lateral position, a vertical incision was made at 
1.5–2.0 cm under the left costal arch. Under sterile condi-
tions, the stomach was put to the right to dissociate the 
spleen (a long strip of about 4 cm), and then the splenic 
arteries were clamped and cut off (about 4–6 arteries, ar-
ranged in parallel). Finally, the spleen was removed and the 
cut was sutured. The splenic arteries in the sham group 
were briefly exposed but not cut off, and the spleen was 
not removed.

Radiography

Digital radiography (DR) of the femur was performed to 
evaluate the femur status. All the images were analyzed as 
grayscale density by using Image-Pro-Plus 6.0 (Media Cy-
bernetics Inc., Rockville, USA). The bone callus areas were 
analyzed in the DR images. Callus grayscale rates were 
calculated as ratios of the grayscale densities of the callus 
area to those of the normal bone areas. After surgery, the 
rats in groups A, B and D underwent digital radiography 
on day 7, 14, 28, 42, 56, 70, and 84.

Real-time polymerase chain reaction 

A blood sample (1.0 mL) was taken via the orbital ve-
nous plexus, placed in a sterile EP tube with EDTA, and 
preserved under 4°C. The extraction of total RNA was 
performed with a TaKaRa extraction Kit (Takara Bio, Da-
lian, China) according to the manufacturer’s instructions. 
The extracted RNA had an OD260/OD280 ratio of 1.7–2.0.

To 1.0 μL total RNA, 2.0 μL 5 × gDNA Eraser buffer, 
1.0 μL gDNA Eraser, and RNase free dH2O were added 
to a total volume of 10 μL, and then the solution was kept 
at 42°C for 2 min to remove genomic DNA. The treated 
solution was mixed with 4.0 μL 5 × PrimeScript® Buffer, 
1.0 μL PrimeScript® RT Enzyme Mix I, 1.0 μL RT Primer 
Mix and 4 μL RNase free H2O at 37°C for 15 min, and 85°C 
for 5 s for reverse transcription reaction. The resulting 
rDNA was finally stored at 4°C.

Every 10 µL of polymerase chain reaction (PCR) mixture 
contained 1 µL cDNA solution, 5 µL SYBR® Premix Ex 
TaqTM (2×), 1 µL PCR primers (5 μM), 3 µL dH2O. A Roche 
LightCycler® 480II quantitative real-time PCR amplifica-
tion system was used for the PCR. The mRNA levels of 
tumor necrosis factor alpha (TNF-α), interleukin 6 (IL-6) 
and bone morphogenetic protein (BMP) were determined 
on day 0, 2, 7, 14, 21, 28, and 42.

Western blot

Protein was isolated using a protein isolation kit (Cat. No. 
ab65400, Abcam Trading Company Ltd.). Polyclonal rabbit 
anti-rat interferon alpha (ab191903), anti-rat IL-6 (ab7737), 
anti-rat BMP antibodies (ab118520) and goat anti-rabbit 
IgG H&L (ab6721) were purchased from Abcam Trading 
Company Ltd. (Shanghai, China). A rabbit anti-rat β-actin 
polyclonal antibody (Cat No. 4967, Cell Signaling Tech-
nology, Danvers, USA) was used as a loading control. All 
protein bands were visualized using an enhanced chemi-
luminescence substrate (Sangon Biotech Co. Ltd., Shang-
hai, China). The image intensity of the protein band was 
quantified by using NIH ImageJ software (Bethesda, USA).

Data analysis

All data was presented as number, mean values ±SD, and 
were analyzed using SPSS statistical software 20.0. Callus 
grayscale rates were calculated in group A, B and D. Fold 
induction was calculated to show the relative expression 
of the target gene in the experimental group.12 The c2 test 
and Student’s t-test were used to compare the 2 sets of data 
for determining whether there were significant differences 
between the 2 groups. There were statistically significant 
differences if p < 0.05.

Results

Baseline characteristics

After careful selection, there was no significant differ-
ence for healing index, bone quality and healing compli-
cations between SFG and FG groups (p > 0.05) (Table 1). 
Meanwhile, other parameters were also matched between 
the 2 groups (p > 0.05) (Table 1).

Outcome after one-year follow-up

After 1-year follow-up, the healing index and bone qual-
ity were higher in the fracture-operated-only group than 
in the splenectomy group (p < 0.001) (Table 2). In contrast, 
the rate of healing complications was lower in the fracture-
operated-only group (FG) than in the splenectomy group. 
The  biomarker analysis showed that the serum levels  
of TNF-α, IL-6 and BMP were higher in the fracture-oper-
ated-only group than in the splenectomy group (p < 0.001) 
(Table 2). Splenectomy was associated with worse calcifica-
tion at the fracture site (fracture healing index ≤3) and worse 
bone quality (bone quality index >3) than in the FG group 
(p < 0.001) (Table 2). Moreover, patients receiving splenec-
tomy had more complications following hip fracture fixation 
than those in the FG group (p < 0.001) (Table 2).
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Fracture status of rat models

After femur fracture, the formation of the callus was 
demonstrated by radiography. Figure 1A shows that the 
callus formation was delayed. Figures 1B and 1D show 
that the bone callus was formed. Figures 1C and 1E show 
normal femur bone structure.

The changes of the grayscale intensity ratio of the cal-
lus area to normal area are shown in Fig. 2. There was 
a significant difference between group A and group B or 
D, while the difference between group B and group D was 

not significant. No fracture was observed in group C and 
group E.

Relative mRNA levels of TNF-α,  
IL-6 and BMP in the rat model

As shown in Fig.  3A, 3B and 3C, the mRNA  levels 
of TNF-α, IL-6 and BMP in the rats from group A and 
C reached a peak on day 7 and then decreased. For the rats 
without splenectomy (groups B, D and E), the mRNA levels 
of TNF-α (Fig. 3A), IL-6 (Fig. 3B) and BMP (Fig. 3C) did 

Table 1. Baseline characteristics of all participants

Variable FG (n = 42) SFG (n = 42) χ2 statistic/t-value p-value

Gender [male/female] 27/15 25/17 0.2019 a0.653

Age [years] 39.8 ±11.2 40.6 ±10.6 1.34164 b0.114

BMI 24.8 ±5.6 25.2 ±4.8 0.738 b0.244

Fracture healing index
≤3 3 2 0.213 a0.645

>3 39 40 0.213 a0.645

Bone quality index
>3 3 4 0.156 a0.693

≤3 39 38 0.156 a0.693

Healing complications
yes 40 41 0.346 a0.557

no 2 1 0.346 a0.557

Baseline comorbidities

Cystic kidney disease 1 1 0 a1

Human immuno deficiency virus diagnosis – – – –

Diabetes mellitus 3 2 0.213 a0.645

Drug dependence 2 3 0.213 a0.645

Urolithiasis 2 1 0.346 a0.557

Urinary tract infection 1 1 0 a1

Biomarker analysis

TNF-α [pg/mL] 19.4 ±4.8 18.7 ±4.4 0.862 b0.274

IL-6 [pg/mL] 11.5 ±3.0 12.1 ±3.6 2.178 b0.715

BMP [pg/mL] 61.9 ±17.2 65.3 ±16.5 0.623 b0.137

TNF-α – tumor necrosis factor alpha; IL-6 – interleukin 6; BMP – bone morphogenetic protein;  a p –value was calculated by χ2; b calculated with Student’s 
t-test for independent samples. There were statistically significant differences if p < 0.05. FG – hip-fracture-only patients without splenectomy were 
randomly selected as the fracture group; SFG – the hip fracture patients who also received splenectomy were selected as the splenectomy group. 

Table 2. Analysis of bone healing after 1-year follow-up

 Variable FG (n = 42) SFG (n = 42) χ2 statistic/t-value p-values

Fracture healing index
≤3
>3

38
4

23
19

13.4711 0.001

Bone quality index
>3
≤3

40
2

25
17

15.303 0.001

Healing complications
yes
no

4
38

28
14

29.077 0.001

Biomarker analysis

TNF-α [pg/mL] 18.7 ±5.8 12.1 ±4.0 6.123 0.002

IL-6 [pg/mL] 12.6 ±3.2 8.7 ±2.9 8.637 0.001

BMP [pg/mL] 60.1 ±18.6 54.3 ±17.3 9.794 0.001

TNF-α – tumor necrosis factor alpha; IL-6 – interleukin 6; BMP – bone morphogenetic protein; a calculated with Student’s t-test for independent samples; 
p-value was calculated by χ2 test. There were statistically significant differences if p < 0.05. FG – hip-fracture-only patients without splenectomy were 
randomly selected as the fracture group; SFG – the hip fracture patients who also received splenectomy were selected as the splenectomy group.
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not show significant changes (Fig. 3C), even 42 days after 
surgery.

Protein level of TNF-α, IL-6 and BMP  
in the rat model

The protein levels of TNF-α, IL-6 and BMP were ana-
lyzed by western blot. As shown in Fig. 4, the protein level 

of TNF-α, IL-6 and BMP in the rats from group A and 
C reached a peak at day 7, and then decreased. For the rats 
without splenectomy (in groups B, D and E), the TNF-α, 
IL-6 and BMP did not show significant changes (Fig. 4).

Fig. 1. X-rays show the femur of the rats 28 days after surgery 

A: femoral fractures + splenectomy; B: femoral fractures only; C: splenectomy 
only; D: femoral fracture + sham splenectomy; E: sham fracture.

Fig. 2. Changes of the grayscale intensity ratio of the callus area to normal 
area in the X-ray images

A – femoral fractures + splenectomy; B – femoral fractures only;  
D – femoral fracture + sham splenectomy.

Fig. 3. Quantitative reverse transcriptase real-time PCR (qRT-PCR) analysis 
of the mRNA levels of TNF-α, IL-6 and BMP in peripheral blood

A – mRNA level of TNF-α; B – mRNA level of IL-6; C – mRNA level of BMP. 
Group A – experimental group, femoral fractures + splenectomy; group B 
– femoral fractures only; group C – splenectomy only; group D – femoral 
fracture + sham splenectomy; group E – sham fracture.

Fig. 4. Western blot analysis of the 
protein levels of TNF-α, IL-6 and BMP 
from different groups

Group A – experimental group, 
femoral fractures + splenectomy; 
group B – femoral fractures only; 
group C – splenectomy only; 
group D – femoral fracture + sham 
splenectomy; group E – sham fracture.
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Discussion

Abdominal injuries combined with fractures caused by 
the accident trauma result in splenectomy in many pa-
tients. The splenectomy group was significantly different 
from the fracture-operated-only group (Table 2), which 
demonstrated that splenectomy delays the fracture heal-
ing process.

The spleen is an important organ of immunity, contain-
ing antigen-presenting T cells and B cells, which produce 
cytokines like TNF-α or IL-6. There are a lot of cytokines 
involved in the process of fracture healing. After sple-
nectomy, T lymphocyte subsets in the peripheral blood 
change. The number of helper T  lymphocytes reduces 
and the number of suppressor T lymphocytes increases. 
Previous studies have shown that splenectomy leads to 
a reduction of CD4+ T cells and a reduction of TNF-α 
and IL-6 produced by other organs.13,14 The spleen is 
involved in endotoxin-mediated generation of IL-6. IL-6 
levels in dog plasma was reduced by 75% after splenec-
tomy. In this study, in the first 2 weeks after splenec-
tomy, mRNA expression of IL-6 was significantly lower 
than normal.

TNF-α has been extensively studied in bone and carti-
lage metabolism, and it has been considered an important 
intermedia of osteoclasts for many years.15–17 This study 
showed that the TNF-α mRNA levels after splenectomy 
increased in the first 7 days and reached a peak on day 7.  
High levels of TNF-α can promote osteoclast activity and 
inhibit osteoblast activity. Over time, the mRNA levels of 
TNF-α decreased significantly and became much lower 
than normal. According to a previous study, lack of the 
TNF-α signal caused a persistence of the cartilage healing 
tissue and delayed absorption of the mineralized car-
tilage tissue, which thereby delayed the original bone 
reconstruction. And it has been proven that BMP plays 
a pivotal role in the healing process.18 Another study 
showed that TNF-α can induce production of BMP-2.19 
Our study found that splenectomy caused a decrease in 
the mRNA levels of BMP.

IL-6 is a multifunctional cytokine which is produced 
by both lymphoid and non-lymphoid tissue cells. IL-6 
receptors are found in the cell membrane of various cells, 
such as activated B cells, quiescent T cells, macrophages, 
osteoblasts, and osteoclasts, which is the material base 
of IL-6 function.20 Many studies have shown that IL-6 
plays an important role in bone formation and repair. 
IL-6 can stimulate the production of the RANK ligand 
in osteoblasts and promote the transformation of periph-
eral blood mononuclear cells into bone cells.21 IL-6 can 
also induce the differentiation of osteoblast precursors, 
inhibit the formation of bone medium bone nodules and 
induce production of cathepsin B.22–24 In  the process  
of distraction osteogenesis, the osteoblasts, hemato-
poietic cells and cartilage cell growth-related cells can 
produce IL-6.25 A fracture healing rat model has shown 

that in the process of cartilage reconstruction and car-
tilage ossification, increased production of IL-6 is ob-
served.26,27 Thus, continued low mRNA expression of 
IL-6 after splenectomy in some way affects the expres-
sion of BMP, and results in a delay of the secondary bone 
reconstruction process.

In short, the fracture healing process is complex and 
many cytokines are involved. In this pilot study, we studied 
the trends of TNF-α, IL-6 and BMP mRNA levels after 
splenectomy. The underlying regulatory mechanism is 
unclear at present.

Conclusions

Changes in the immune function after splenectomy de-
layed the fracture healing process. The delay of the fracture 
healing after splenectomy was related to low-level expres-
sion of TNF-α, IL-6 and BMP.
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