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INTRODUCTION

 Tibial plateau fractures (TPF), fractures of the upper 
end of the tibia by violent impacts, are common in 
orthopedic practice.1 The tibial plateau (TP) is an 
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essential load-carrying structure of the human knee 
joint. Its fractures cause the imbalance of forces 
between the inner and outer joint planes, and can result 
in damage to the cruciate ligament and meniscus.2 
Prompt surgical treatment is required to promote the 
recovery of knee joint function and range by restoring 
the flatness of the joint surface, the integrity of the 
ligaments and the width of the platform.3 There are 
multiple treatments for TP, such as closed reduction, 
open reduction and internal fixation, and arthroplasty, 
but the treatment of TPF depends on the alignment of 
the knee joint cartilage. Locking plate fixation is one of 
the main employed strategies. The internal stent and 
ordinary steel plate used during the procedure can 
effectively support the affected articular surface and 
promote the recovery of the joint function.4 
 However; traumatic arthritis, joint swelling, 
joint stiffness, joint pain, and other side effects are 
frequent after the operation, they aggravate the 
degree of oxidative stress, hinder the postoperative 
rehabilitation, and may lead to tibial plateau deformity 
and a diminished joint mobility. Therefore, effective 
supplementary treatment plans combined with the 
surgical treatment are being actively sought after.5 
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ABSTRACT
Objective: To analyze the effects of sodium hyaluronate administration on the serum levels of antioxidase, substance 
P	(SP),	and	neuropeptide	Y	(NPY)	in	patients	undergoing	locking	plate	fixation	(LPF)	for	tibial	plateau	fractures	(TPF).
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Results: Seven	days	after	LPF	operations,	both	groups	showed	lower	levels	of	SOD,	CAT,	and	TAC	compared	to	pre-
surgery levels, while levels of SP and NPY were higher. However, the observation group showed higher levels of SOD, 
CAT, and TAC compared to the control group, and lower levels of SP and NPY in the control group (P<0.05).
Conclusion: The	treatment	of	TPF	with	LPF	plus	sodium	hyaluronate	administration	has	been	shown	to	effectively	
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Sodium hyaluronate is an important component of 
joint synovial fluid and of the cartilage matrix that 
lubricates the joint cavity. Sodium hyaluronate covers 
and protects the articular cartilage, it can inhibit 
the degeneration of the cartilage, and promotes the 
recovery of joint function.6

 A few studies have investigated the combined 
treatment of patients with locking plate fixation and 
sodium hyaluronate administration for TPFs, but 
the effects on the levels of postoperative antioxidant 
enzymes and the extent of tibial plateau deformity 
remain unclear. In view of this, we focused on the 
analysis of the effects of this combined treatment on 
the levels of antioxidant enzymes,pain stress markers,  
on the tibial plateau deformity and joint ROM in 66 
patients with TPF; our results favour combined usage 
of locking plate fixation and sodium hyaluronate for 
improving the prognosis of these patients.

METHODS

 We retrospectively analyzed the records of 66 
patients with TPF (43 men and 23 women) who received 
treatment in the Orthopedic Department of Beijing 
Chao-yang Hospital (Capital Medical University) from 
February 2017 to August 2020. We divided the patients 
into a control-group (patients who underwent locking 
plate fixation, n=33) and an observation-group (patients 

who underwent locking plate fixation and sodium 
hyaluronate administration, n=33).
Inclusion criteria:
• Patients with diagnoses of TPF confirmed by CT, 

X-ray and MR images consistent with the diagnostic 
criteria of the disease.7 

• Patients with new, unilateral, closed fractures.
• Patients between 18 and 70 years of age.
• Patients with a first fracture and operation.
• Patients with a Schatzker classification Type-II to 

IV.
Exclusion criteria:
• Patients with pathological fractures.
• Patients complicated with deep tissue infections.
• Patients with coagulation disorders.
• Patients complicated with active hemorrhage.
• Patients complicated with knee osteoarthritis. 
• Patients complicated with rheumatoid arthritis.
• Patients complicated with other types of fractures. 
• Patients with allergies. 
• Patients with malignant tumors.
Ethical Approval: The ethics committee of the Beijing 
Chao-yang Hospital (Capital Medical University) 
approved this study (approval number: 2021441; July 
15, 2021). Informed consent has been obtained from the 
patients.
Locking plate fixation treatment: The patient was 
placed in a supine position and administered combined 
spinal epidural anesthesia. An approach was selected 
according to the Schatzker classification for each patient. 
Patients with Schatzker II and III type fractures were 

Fig.1: X-ray film of tibial plateau fracture before operation. Fig.2: X-ray film of tibial plateau fracture after operation.
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treated with lateral incision, and those with Schatzker 
IV type fractures were treated with medial incision. 
Locking plates were used for fixation, drainage tubes 
were placed routinely, and incisions were sutured layer 
by layer. After the operation, the affected limbs were 
raised, and antibiotics and analgesic prophylaxis were 
routinely prescribed. After the drainage tube removal, 
the patients were asked to join a joint rehabilitation 
training program (Fig.1 and Fig.2).
 Locking plate fixation combined with sodium 
hyaluronate treatment: after closing the joint cavity, the 
surgeon injected 2 mL of sodium hyaluronate (Huaxi 
Furida Biomedical, H20133147) into the joint cavity of 
the patient, the injections were repeated once a week 
for five consecutive weeks while the joint was being 
drained.
Efficacy evaluation index: The levels of SOD, CAT, 
TAC, SP and NPY were measured before and seven days 
after the operation. The levels of SOD, CAT and TAC 
were measured in an automatic biochemical analyzer 
(Hitachi, Model 7180). The reagents were provided by 
Roche Biological Reagents. The levels of SP and NPY 
were determined using enzyme-linked immunosorbent 
assays (Mlbio, Shanghai, China). 
Statistical analysis: We used SPSS v26.0 (SPSS, Chicago, 
IL, USA) for all statistical analyses. Categorical variables 

were expressed as n (%) and compared via Fisher’s exact 
test or Chi-squared tests. We expressed continuous 
variables as means ± SD (standard deviations) and 
compared them via Student’s t-tests or Mann-Whitney’s 
U-tests. We considered all p-values <0.05 as significant. 

RESULTS

 We analyzed data from 66 patients in this study. The 
control-group included 21 men and 12 women (age 
range, 24 to 81 years with an average of 48.27±12.58 
years). The average time from fracture to operation was 
1-6 days with an average of 3.24±1.43 days (1-6 days). 
The control-group included 19 Type-II, nine Type-III, 
and five Type-IV Schatzker classification cases; and 22 I 
and 11 II anesthesia ASA grades. The observation-group 
included 22 men and 11 women (average age, 49.45±12.21 
years, ranging from 26 to 82 years). Their average time 
from fracture to operation was 1-6 days with an average 
of 3.09±1.33 days (1-6 days). The observation-group 
included 18 type-II, eight Type-III, and seven Type-IV 
Schatzker classification cases; 20 patients anesthesia ASA 
Grades-I and 13 patients with Grade-II. We found no 
significant differences in the general data between the 
two groups (P>0.05; Table-I).
 The levels of SOD, CAT and TAC between the 
two groups before operation were similar (P>0.05), 
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Table-I: Comparison of general information between the two groups.

n Gender 
(male) Age (years)

Time from 
fracture to 

operation(d)

Schatzker typing 
(n)

ASA 
rating 

(n)
LPF

II III IV I II Single 
LPF

Double 
LPF

Control-group 33 21(63.64%) 48.27±12.58 3.24±1.43 19 9 5 22 11 15 18

Observation-group 33 22 (66.67%) 49.45±12.21 3.09±1.33 18 8 7 20 13 13 20

χ2/t - 0.067 -0.387 0.444 0.419 0.262 0.248

p-Value - 0.796 0.700 0.658 0.811 0.609 0.804

Table-II: Comparison of antioxidant levels between the two groups ( , U/mL).

n

SOD CAT TAC

Day before 
surgery

7 days after 
operation

1 day before 
surgery

7 days after 
operation

1 day before 
surgery

7 days after 
operation

Control-group 33 74.41±12.04 63.42±10.25a 41.96±6.94 33.38±6.15a 11.89±1.73 7.68±1.65a

Observation-group 33 74.13±13.34 68.30±9.45a 43.14±5.92 40.12±4.60a 12.03±1.75 10.56±1.59a

t - 0.091 -2.010 -0.738 -3.543 -0.325 -7.187

p-Value - 0.928 0.049 0.463 0.001 0.747 <0.001

Note: a compared with the admission day in this group P<0.05.
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but the indexes of antioxidant enzymes in the two 
groups were significantly lower seven days after the 
operation. We found the levels of SOD, CAT and TAC 
in the observation-group were significantly higher 
than those in the control-group after the operation 
(P<0.05; Table-II). Before the operation, the levels of 
SP and NPY between the two groups were similar 
(P>0.05). Seven days after the operation, the pain 
stress markers in the two groups were significantly 
higher than before the operation, and the observation-
group had significantly lower levels than the control-
group (P<0.05; Table-III).

DISCUSSION

 The results of this study showed that LPF plus 
sodium hyaluronate treatments can reduce oxidative 
stress reactions, improve SP and NPY levels. Wang ZH 
et al treated patients with unstable femoral trochanteric 
fracture by locking plate fixation.8 The results showed 
the Harris hip joint scores increasing after the 
operation, and the fracture reduction rate reached 
71.79%, indicating that locking plate fixation can reduce 
the fractures, shorten the time for fracture healing and 
full weight bearing, and promote the recovery of the 
hip joint function. Yu TJ et al9 treated Sanders II and 
III closed calcaneal fractures with locking plates, and 
they found that the Böhler and Gissane joint angles 
increased after the operation, and that the AOFAS and 
FADI scores also increased significantly. 
 However, the recovery period after locking plate 
fixations is relatively long. In addition, under the 
influence of disease, trauma, surgical stress, and other 
factors, the ligaments and synovium in the joint are 
prone to congestion and swelling, and the tissue edema 
accompanied by joint pain and stiffness with other 
symptoms can lead to traumatic arthritis. The prognosis 
of which is difficult to assess. Therefore, relieving joint 
pain while operating can further improve joint function 
by fully protecting the articular cartilage.8 
 Sodium hyaluronate can reduce the permeability 
of the body’s synovium, and it reduces the amount 
of fluid accumulated in joints. Akyildiz S et al found 

through animal experiments that sodium hyaluronate 
can increase the amount of ossification in rats with 
tibial fractures.10 Our results showed that seven days 
after the operations, the levels of SOD, CAT and 
TAC seven days after the operations were lower than 
those before the operation in the two patient groups, 
but the comparison between groups showed that the 
levels in the observation-group were higher than 
those in the control-group (P<0.05), suggesting that 
addition of sodium hyaluronate treatments to the 
surgical approach in the treatment of TPFs alleviates 
oxidative stress reactions. SOD, CAT, and TAC are 
common indicators of oxidative stress in the clinic, 
and research has shown that oxidative stress damages 
microvessels on the damaged joint surface and affects 
the quality of bone healing.11 On the basis of LPF, 
the use of sodium hyaluronate treatments inhibits 
macrophage tissue chemotaxis: the combination of the 
hyaluronate with glycoproteins forms a polymer that 
prevents their participation in inflammatory reactions, 
alleviating the inflammatory process and promoting 
damaged cartilage repair while reducing the oxidative 
stress.5interleukin-1 receptor antagonist protein (IRAP 

SP and NPY are common indicators of pain stress. SP 
and glutamate can coexist in neural terminals, where 
they have a role in pain signal transmission; NPY 
is widely distributed in the central and peripheral 
nervous systems and has been implicated in pain 
pathways.12,13 
 In addition, the levels of SP and NPY in the two groups 
were higher seven days after the operation than before 
operation, but the levels in the observation-group were 
lower than those in the control-group, suggesting that 
the treatment with sodium hyaluronate reduced SP and 
NPY levels. The results were similar to those of Stitik TP 
et al. and Khan IU et al.14,15 During the LPF operations, 
the content of sodium hyaluronate in the joint cavity 
gets significantly reduced due to the repeated need 
for wound washing. The damaged synovium cannot 
effectively replenish the lost sodium hyaluronate 
fast enough to maintain cartilage protection and 
lubrication. Therefore, the intense friction of damaged 
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Table-III: Comparison of the pain stress level between the two groups ( , U/ml).

Group n

SP (μg/ml) NPY (pg/ml)

Day before 
surgery

7th day after 
operation

Day before 
surgery

7th day after 
operation

Control-group 33 3.67±0.83 7.16±0.89a 152.88±15.18 193.51±18.16a

Observation-group 33 3.75±0.73 4.83±0.88a 154.94±16.47 166.39±17.28a

t - -0.453 10.691 -0.528 6.213

p-Value - 0.652 <0.001 0.599 <0.001

Note: a compared with the admission day of this group P<0.05.
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joint surfaces during rehabilitation training can lead to 
wear particles and pain receptor stimulation causing 
the pain stress to increase abnormally.14 
 Sodium hyaluronate injected into the joint after LPF 
can lubricate the joint, cushion the vibration and create 
a protective barrier on the synovium and cartilage 
surfaces to prevent the destruction of the cartilage 
matrix until the synovium can secrete enough sodium 
hyaluronate by itself.16 Yang X et al found in their meta-
analysis that arthroscopy combined with intra-articular 
sodium hyaluronate injections for the treatment of 
knee osteoarthritis can improve the knee joint function 
of patients, alleviate their symptoms, and improve 
their quality of life.17 We believe that our approach 
allowed the patients to carry out rehabilitation training 
in a timely manner to improve their prognosis by 
ensuring the best rehabilitation effects and improve the 
deformity of the tibial plateau and the range of motion 
of the joints.16 Therefore, in this present study, LPF 
combined with sodium hyaluronate administration 
was found to be effective for the management of 
patients with TPF.

Limitations of the study: The study only included 
records of patients with TPF admitted by the 
orthopedic department of our hospital, the cohort was 
small, few indicators were surveyed, and the follow-
up observation times were short. Hence a large sample 
size and multicenter study is needed to confirm our 
findings.

CONCLUSION

 The treatment of TPF with LPF plus sodium 
hyaluronate administration has been shown to 
effectively reduce oxidative stress reactions, improve 
SP and NPY levels, thereby improving the patient’s 
prognosis.

REFERENCES
1. Ramponi DR, McSwigan T. Tibial Plateau Fractures. Adv Emerg 

Nurs J. 2018;40(3):155-161. doi: 10.1097/TME.0000000000000194
2. Rozell JC, Vemulapalli KC, Gary JL, Donegan DJ. Tibial Plateau 

Fractures in Elderly Patients. Geriatr Orthop Surg Rehabil. 
2016;7(3):126-134. doi: 10.1177/2151458516651310

3. Makhdoom A, Maheshwari LD, Laghari MA, Tahir SM, Ali SM, 
Siddiqui KA. Open proximal & distal fractures of tibia treated with 
Naseer Awais External Fixator with T-clamp. J Pak Med Assoc. 
2015;65(7):727-732.

4. Zhang Q, Zhao J, Zhang G, Tang J, Zhu W, Nie M. The comparison 
of clinical effect, knee function, prognosis of double plate fixation 
and locking plate internal fixation for tibial plateau fractures. Pak J 
Med Sci. 2022;38(4Part-II):960-964. doi: 10.12669/pjms.38.4.5340

5. Schmidt A, Barnavon T, Lording T, Sappey-Marinier E, Batailler C, 
Servien E, et al. Lateral unicompartmental knee arthroplasty is a 
safe procedure for post-traumatic osteoarthritis after lateral tibial 
plateau fracture: a case-control study at 10-year follow-up. Knee 
Surg Sports Traumatol Arthrosc Off J ESSKA. 2021;29(11):3654-
3663. doi: 10.1007/s00167-020-06359-w

6. Machado TSL, Massoco CO, Silva LCLC, Fulber J, Moreira JJ, 
Baccarin RYA. Effects of blood-derived products and sodium 
hyaluronate on equine synovial fluid cells and on synovial fluid 
from osteochondrotic joints of horses after arthroscopy and 
administration of treatment. Am J Vet Res. 2019;80(7):646-656. doi: 
10.2460/ajvr.80.7.646

7. Rudran B, Little C, Wiik A, Logishetty K. Tibial Plateau Fracture: 
Anatomy, Diagnosis and Management. Br J Hosp Med Lond Engl 
2005. 2020;81(10):1-9. doi: 10.12968/hmed.2020.0339

8. Wang ZH, Li KN, Lan H, Wang XD. A Comparative Study of 
Intramedullary Nail Strengthened with Auxiliary Locking Plate or 
Steel Wire in the Treatment of Unstable Trochanteric Fracture of 
Femur. Orthop Surg. 2020;12(1):108-115. doi: 10.1111/os.12595

9. Yu TJ, Zhang YH, Wang L, Wei ZB, Zhao XB, Li JX. Case control 
study on anatomical locking plate and ordinary steel plate for the 
treatment of closed calcaneal fracture with Sanders and Zhongguo 
Gu Shang China J Orthop Traumatol. 2021;34(9):801-807. doi: 
10.12200/j.issn.1003-0034.2021.09.003

10. Akyildiz S, Soluk-Tekkesin M, Keskin-Yalcin B, Unsel G, Ozel Yuldiz 
S, Ozacan I, et al. Acceleration of Fracture Healing in Experimental 
Model: Platelet-Rich Fibrin or Hyaluronic Acid? J Craniofac Surg. 
2018;29(7):1794-1798. doi: 10.1097/SCS.0000000000004934

11. Ali SS, Ahsan H, Zia MK, Siddiqui T, Khan FH. Understanding 
oxidants and antioxidants: Classical team with new players. J Food 
Biochem. 2020;44(3):e13145. doi: 10.1111/jfbc.13145

12. Li FXZ, Xu F, Lin X, Wu F, Zhong JY, Wang Y, et al. The 
Role of Substance P in the Regulation of Bone and Cartilage 
Metabolic Activity. Front Endocrinol. 2020;11:77. doi: 10.3389/
fendo.2020.00077

13. Wu JQ, Jiang N, Yu B. Mechanisms of action of neuropeptide 
Y on stem cells and its potential applications in orthopaedic 
disorders. World J Stem Cells. 2020;12(9):986-1000. doi: 10.4252/
wjsc.v12.i9.986

14. Stitik TP, Issac SM, Modi S, Nasir S, Kulinets I. Effectiveness 
of 3 Weekly Injections Compared with 5 Weekly Injections of 
Intra-Articular Sodium Hyaluronate on Pain Relief of Knee 
Osteoarthritis or 3 Weekly Injections of Other Hyaluronan 
Products: A Systematic Review and Meta-Analysis. Arch Phys Med 
Rehabil. 2017;98(5):1042-1050. doi: 10.1016/j.apmr.2017.01.021

15. Khan IU, Awan AS, Khan AS, Marwat I, Meraj M. Efficacy 
of a single-injection sodium hyaluronate treatment in lateral 
epicondylitis. J Ayub Med Coll Abbottabad. 2018;30(1):85-89.

16. Belyaeva EA, Avdeeva OS. The effectiveness of complex therapy 
using the injectable form of chondroitin sulfate and sodium 
hyaluronate with osteoarthritis of the knee joint. Ter Arkh. 
2019;91(5):96-102. doi: 10.26442/00403660.2019.05.000213

17. Yang X, Liang W, Li J, Liu P. A meta-analysis and systematic 
review of the therapeutic effects of arthroscopy combined with 
intra-articular injection of sodium hyaluronate in the treatment 
of knee osteoarthritis. Ann Palliat Med. 2021;10(9):9859-9869. doi: 
10.21037/apm-21-2145

Authors’ Contributions:

LS: Conceived and designed the study.
QS and PY: Collected the data and performed the 
analysis.
LS: Was involved in the writing of the manuscript and is 
responsible for the integrity of the study.
All authors have read and approved the final manuscript.


	OLE_LINK15
	OLE_LINK55
	OLE_LINK1
	OLE_LINK49
	OLE_LINK2
	OLE_LINK66
	OLE_LINK10
	OLE_LINK48
	OLE_LINK37
	OLE_LINK13
	OLE_LINK25
	OLE_LINK43
	OLE_LINK44
	OLE_LINK42
	OLE_LINK26
	OLE_LINK22
	OLE_LINK50
	OLE_LINK67
	OLE_LINK39
	OLE_LINK33
	OLE_LINK68
	_Hlk100875618
	OLE_LINK58
	OLE_LINK52
	OLE_LINK59
	OLE_LINK72
	OLE_LINK62
	OLE_LINK63
	OLE_LINK56
	_Hlk116051319
	OLE_LINK35
	OLE_LINK74
	OLE_LINK27
	OLE_LINK76
	OLE_LINK78
	OLE_LINK75
	_Hlk119543200
	_Hlk29907029
	_bookmark6
	_Hlk119541915
	_Hlk119532676
	_Hlk119541960
	_Hlk119542183
	_Hlk119542258
	_Hlk119543601
	_Hlk119543823
	_Hlk119543926
	_Hlk128992143
	_Hlk128944770
	_Hlk126476771
	_Hlk125576779
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_Hlk128397488
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_Hlk127596694
	_GoBack
	_GoBack
	_Ref91345770
	_Ref91346185
	_GoBack
	_Hlk110178481
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	bookmark=id.30j0zll
	_GoBack
	_heading=h.1fob9te
	_Hlk113951669
	_Hlk526793642
	_GoBack
	Conclusions:_
	_GoBack
	_Hlk128215481
	_GoBack
	OLE_LINK5
	OLE_LINK6
	OLE_LINK17
	OLE_LINK22
	OLE_LINK23
	OLE_LINK24
	OLE_LINK25
	OLE_LINK1
	_Ref71538069
	_Ref70616035
	_Ref70613026
	_GoBack
	_GoBack
	_GoBack
	_Hlk119447878
	_Hlk119447850
	_Hlk120453982
	_Hlk120491415
	_Hlk126273074
	_Hlk116245239
	_Hlk116245385
	_Hlk112237740
	_Hlk126187988
	_Hlk124033614
	_Hlk126186052
	_Hlk131943897
	_GoBack
	_Hlk128257372
	_Hlk127738830
	_Hlk128039063
	_Hlk127738875
	_Hlk127738952
	_GoBack
	_GoBack
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_GoBack
	_Hlk130390429
	_GoBack
	_GoBack
	_Hlk109723753
	_Ref102469887
	_GoBack
	OLE_LINK5
	_Hlk133706596
	_GoBack
	_Hlk133696250
	_GoBack
	_GoBack

