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Abstract
In this editorial I comment on the article by Ahmed et al published in a recent 
issue of the World J Orthop 2023; 14: 784-790. It is well known that patients who 
have undergone a liver transplant (LT) may need to have a total hip arthroplasty 
(THA) or total knee arthroplasty (TKA) implanted. Ahmed et al stated that the 
mortality rate in these patients was similar to the one of the general population. 
However, there are three articles previously published that found higher 
mortality in LT patients who experienced THA/TKA than in the general 
population (individuals without LT). Therefore, in this Editorial I would like to 
point out that there is controversy in the literature regarding whether LT patients 
undergoing THA/TKA have higher mortality than the general population. 
Therefore, future research should attempt to resolve this controversy.

Key Words: Liver transplant; Total knee arthroplasty; Total hip arthroplasty; Results; 
Mortality
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Core Tip: The existing publications are contradictory regarding mortality rates in liver 
transplant patients undergoing total hip arthroplasty and total knee arthroplasty. 
Therefore, this controversy should be duly analyzed in future studies.

Citation: Rodriguez-Merchan EC. Mortality rate after total knee arthroplasty or total hip arthro-
plasty in patients with a history of liver transplant. World J Orthop 2024; 15(4): 310-311
URL: https://www.wjgnet.com/2218-5836/full/v15/i4/310.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i4.310

https://www.f6publishing.com
https://dx.doi.org/10.5312/wjo.v15.i4.310
mailto:ecrmerchan@hotmail.com
https://www.wjgnet.com/2218-5836/full/v15/i4/310.htm
https://dx.doi.org/10.5312/wjo.v15.i4.310


Rodriguez-Merchan EC. TKA/THA: Mortality rate (liver transplant)

WJO https://www.wjgnet.com 311 April 18, 2024 Volume 15 Issue 4

INTRODUCTION
Patients who have undergone a liver transplant (LT) may need to have a total hip arthroplasty (THA) or total knee arthro-
plasty (TKA) implanted. Considering the severity of the problem, several authors have analyzed the mortality of LT 
patients compared to the general population (patients without LT)[1-4].

THERE IS CONTROVERSY IN THE LITERATURE
In a recent article published by Ahmed et al[1] it was concluded that individuals with a history of LT experiencing TKA or 
THA had similar rates of mortality than individuals with no history of LT. However, there are three articles which 
contradict the conclusion of Ahmed et al[1].

In the systematic review and meta-analysis published in 2022 by Kim et al[2], individuals with a history of LT 
undergoing THA showed higher mortality rates than individuals with no history of LT.

In a retrospective review of total joint arthroplasty (TJA) after LT, Wu et al[3] stated that the mortality risk of patients 
with LT was considerable.

Ledford et al[4] also found higher mortality rates after TKA and THA in patients with a history of LT than in the 
general population.

CONCLUSION
The existing publications are contradictory regarding mortality rates in LT patients undergoing THA and TKA. 
Therefore, this controversy should be duly analyzed in future studies.
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Abstract
Approximately 45 percent of malignant bone tumors are seen under the age of 16 
and one of the important results of growth plate sacrification in patients with 
immature skeletons is limb inequality. Until the early 1990s, the treatment options 
for these patients were rotationplasty or amputation. Multimodal approaches that 
combine imaging, chemotherapy, and surgical techniques have enabled the 
development of limb-preserving methods with satisfactory results. In order to 
overcome inequality problems, expandable prostheses have been developed in the 
1980s. Extendable endoprosthesis replacements have been improved over the 
years and are now an established and safe alternative. Noninvasive prostheses 
appear to be advantageous compared to minimally invasive expandable pros-
theses that require multiple surgical procedures, but the complication rate 
remains high. Therefore, although expandable prostheses are not the definitive 
answer to the treatment of bone sarcomas in skeletally immature children, they 
are still a suitable interim choice until full adulthood is achieved. Due to reported 
high complication rates, the procedures require significant experience and are 
recommended for use only in specialized cancer centers.

Key Words: Bone sarcoma; Expandable endoprostheses; Limb salvage surgery; Non-
invasive; Minimal-invasive; Invasive; Extendible endoprostheses
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Core Tip: Extendable endoprosthesis replacements have been improved over the years and are now an established and safe 
alternative. Noninvasive prostheses appear to be advantageous compared to minimally invasive expandable prostheses that 
require multiple surgical procedures, but the complication rate remains high. Due to reported high complication rates, the 
procedures require significant experience and are recommended for use only in specialized cancer centers.

Citation: Öztürk R. Expandable endoprostheses in skeletally immature patients: Where we are. World J Orthop 2024; 15(4): 312-317
URL: https://www.wjgnet.com/2218-5836/full/v15/i4/312.htm
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INTRODUCTION
The most common malignant bone tumors are osteosarcoma and Ewing’s Sarcoma, and these constitute 80% of all mali-
gnant bone tumors in children[1-3]. Approximately 45 percent of these tumors are seen under the age of 16[1]. An 
important consequence of growth plate resection in sarcoma surgery in patients with immature skeletons is limb 
inequality. Until the early 1990s, the treatment options for patients with a height difference of 4 cm or more after surgery 
were rotationplasty or amputation[4,5]. Although these two methods remain good options for selected patients today, 
technological advances, advances in prosthesis design, and multimodal approaches that combine imaging, chemothera-
peutic modalities, and surgical techniques have enabled the development of limb-preserving methods with satisfactory 
results[1,6,]. In limb-sparing surgery, allografts, pedicled bone grafts, bone transfers and megaprostheses can be applied 
in approximately 85% of cases in children today[2]. Apart from this, Arthrodesis and allograft prosthesis composites are 
among the common options[6]. Arthrodesis is associated with poor function. Allografts are difficult to adapt to small 
anatomical structures, and problems such as lysis and nonunion are their limitations.

Approximately 60% of primary bone sarcomas in young patients occur in the distal femur or proximal tibia, and often 
require resection of the growth plate during surgery[1,2]. 35% and 30% of the growth of the lower extremity is attributed 
to the epiphyses of the distal femur and proximal tibia, respectively. This means that, unlike other regions, resections 
around the knee have a potential risk of discrepancy[1].

Extremity inequalities are accompanied by functional deficits, gait disorders, secondary obliquity in the pelvis and 
cosmetic problems[2,4]. In recent years, in order to overcome these problems, expandable prostheses have become an 
option in limb-sparing surgery for sarcoma patients with immature skeletons[1]. A growing prosthesis may potentially 
allow for final patient height as a result of preventing contralateral epiphysiodesis[7]. Although promising results are 
reported in the literature regarding these prostheses, there are also studies presenting high rates of complications and 
revisions[6].

The main indication for expandable prostheses is that the patient is expected to have a leg length difference of at least 3 
cm in adulthood. A length difference of 3 cm or less can be compensated by making the operated side longer at the time 
of operation or by shoe modifications. Therefore, in these cases, it is more appropriate to use a classical adult type 
prosthesis[1]. After the age of 13 in boys and 11 in girls, It is accepted that an extension will not be expected to more than 
3 cm. Therefore, there is no indication of expandable prosthesis in these patients[1,2].

The first expandable prostheses were reported in the 1980s[2]. In 1976, Scales et al[8] reported data on the first expan-
dable prosthesis developed in Stanmore, England. In modular flexible prosthesis types, the middle part had to be 
changed for lengthening (a short module was replaced with a larger one)[9] and this required a large surgical exposure. 
In different models, extension was possible with a more minimal incision[2,9]. In 1992, minimally invasive expandable 
prostheses began to be reported[7]. Later, noninvasive prostheses were developed.

The two types of expandable prostheses currently widely used are minimally invasive and noninvasive types. An im-
portant advantage of minimally invasive type expandable prostheses seems to be that they are relatively cheap, but they 
require additional surgeries for lengthening with a screwdriver[1]. These open operations increase the risk of infection, 
and mechanical failure and aseptic loosening are among the other reported complications[10]. Noninvasive expandable 
prostheses do not require a surgical procedure for lengthening[11]. It is an advantage that there are no risks associated 
with anesthesia, and the risk of infection is considered to be less[10]. In minimally invasive prostheses, each lengthening 
procedure is an operation and is accompanied by pain, and intensive physiotherapy is required for a good functional 
result[13]. Stiffness and neurovascular injury are other problems and complications can sometimes result in amputation
[14]. It is accepted that non-invasive magnetic system lengthening eliminates the risk of pain, stiffness and infection[13]. 
However, noninvasive expandable prostheses are relatively expensive and there is not enough literature with long-term 
results[1].

In 2001, there were published 7 cases of osteosarcoma in which they applied the Phenix (Phenix Medical, Paris, France) 
noninvasive expandable prosthesis. In 6 of the cases, they were used for revision of the previous operation[11]. They 
carried out a total of 21 extension transactions. Each lengthening took approximately 20 to 30 s and provided an average 
lengthening of 8 mm, accompanied by a slight feeling of discomfort during the procedure. Extension of the prosthesis 
was achieved by exposure to an external electromagnetic field. They stated that noninvasive expandable prostheses are a 
good alternative in difficult cases of limb-sparing surgery in children.

Gitelis et al[15] reported 18 cases of the Repiphysis system (originally known as the Phenix Prosthesis) in 2003. They 
performed a total of 58 lengthening procedures on 14 of the patients whom they followed for an average of 2 years. They 
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performed lengthenings between 1 and 7 cm. Each lengthening session was approximately 8 mm. They performed 
maximum lengthening in 3 patients and then switched to conventional prosthesis. As complications, they reported 
expandable component fractures in 2 patients, femoral component fracture in 1 patient, 2 stem fractures, 1 stem loosening 
and 1 deep infection. The Repiphysis prosthesis is known to use energy stored in a spring held compressed by a locking 
mechanism. Controlled release of the locking mechanism via an external electromagnetic field allows the device to be 
extended. The authors suggested that complications in these prostheses could be predicted and prevented. In the same 
year, Neel et al[16] reported the results of 18 Phenix noninvasive prostheses in malignant tumors around the knee. They 
performed extensions on 6 of the total patients. Lengthening between 1 and 30 mm was done in one session. Extensions 
were done in the outpatient clinic. At an average follow-up of 21 months, MSTS was 90% and revision of the prosthesis 
was required in 7 cases due to fracture or loosening. While there were cases where lengthening was not required, there 
were also cases where lengthening was done up to 6 cm. In addition, Belthur et al[17] applied proximal femur expandable 
prosthesis to 9 children. Three different generations of the Stenmore prosthesis (Mark III, IV, and V Stanmore Implants 
Worldwide, Stanmore, England) were used. Four patients died, and 5 patients were followed for an average of 7.6 years. 
A total of 63 operations were performed on five patients. Patients were lengthened by an average of 7 cm. The authors 
concluded that a lot of surgery was required for lengthening and revisions.

In 2006, Gupta et al[14] reported 7 cases in which they lengthened all patients by 4 or 5 cm using a Stanmore nonin-
vasive prosthesis due to sarcoma located in the distal femur. The mean extension was 25 mm and mean knee flexion was 
110 degrees. They calculated the average MSTS score as 68%. One patient died of disseminated disease. And they 
observed knee flexion deformity in one patient. By reversing the mechanism, they applied a 2 mm shortening and then 
full extension was achieved.

In 2010, Beebe et al[18] reported 12 cases in which they used repiphysis noninvasive expandable prosthesis in the upper 
and lower extremities and lengthened between 1 and 10 cm. They performed a total of 38 lengthening procedures on nine 
patients. In 3 patients, the tumor was in the proximal humerus. They reported that this noninvasive prosthesis provided 
acceptable functional results for both upper and lower extremity implantation. In the same year, Saghieh et al[19] 
reported the results of 17 custom-made Repiphysis prostheses, which they followed for an average of 61 months. 5-10 
mm lengthening was applied at each session with an oral analgesic and the patient was discharged 30 min after the 
procedure. However, general anesthesia was required in 3 patients. One was due to pain during the procedure, one was 
due to anxiety, and one was due to extension mechanism malfunction. A total of 38 lengthening procedures between 2 
and 15 mm were performed on 13 of the patients. The complications they reported were extension mechanism failure, 
femoral stem fracture, tibial fracture distal to the tibial stem, and infection. In this year, Dotan et al[20] reported the long-
term results of 38 cases in which they applied 4 different expandable prostheses over the years. Model, which was 
elongated with sleeves in two cases, Lewis expandable adjustable prosthesis in five cases, and Kotz (minimally invasive) 
endoprosthesis in 29 cases and noninvasive prosthesis in 2 cases. They observed complications in 58% of the patients. The 
most common complication was infection, and they were diagnosed the infection 56 times. They detected early nerve 
damage in 8 patients and nerve damage after lengthening in 1 patient. All fully recovered with splints on follow up. They 
reported that approximately 3 cm of limb inequality was acceptable for good function. In these cases, planning a new 
operation to achieve equality brings the risk of complications. And, when skeletal growth is completed, replacement with 
a non-expanding prosthesis may be beneficial.

In 2010, Henderson et al[21] examined emotional acceptance by interviewing 15 patients who received expandable 
prostheses and their families. They reported that patients could have levels of happiness similar to people without the 
disease and that patients had good or excellent functional outcomes. In 2014, Ness et al[12] compared the functions of 13 
patients, with an average age of 15 years, who received expandable prostheses, and 29 patients, with an average age of 19 
years, who received modular prostheses. They found that there was no functional difference between the two groups. 
Also scores and revision rates were the same.

In 2013, Ruggieri et al[22] published 32 cases with noninvasive and minimal invasive prostheses in which they leng-
thened approximately half a cm to 16 cm and had an average MSTS of 79. They found that there was no functional 
difference in their study in which they used both types of expandable prostheses.

In 2015, Arteau et al[23] reported the results of 23 distal femoral expandable noninvasive prostheses. They used 
Repiphysis prosthesis in 14 patients, custom-made Biomet prosthesis in 8 patients, and Stanmore Juvenile Tumour 
System (JTS) in 1 patient. The tibial physis was preserved in all cases, except for the tibial stem entry point. In 15 of the 
cases, the growth of the tibia was less than the opposite side. Overgrowth was observed in the proximal tibia in 1 patient. 
In a total of 5 patients, an inequality of more than 2 cm was observed in the last follow-up, and epiphysiodesis was 
performed on the opposite side in 3 of these cases[24]. In 2015, Benevenia et al[25] published the results of 20 Repiphysis 
prostheses. They reported 15 complications at an average of 57 months. There was one dislocation, one contracture, 4 
aseptic loosening, 5 structural failures, 3 deep infections and 1 relapse.

In 2016, Cipriano et al[26] reported on 10 patients with Repiphysis expandable prosthesis for distal femoral 
osteosarcoma whom they followed for an average of 6 years. They identified 37 implant-related complications and 
performed 15 revision surgeries. Six of these were aseptic loosening surgeries. Deterioration of the metadiaphyseal area 
surrounding the prosthesis stem was observed in all patients, deterioration in femoral length and cortical thinning were 
also common, which they thought would complicate potential future treatment with standard stem prostheses. Because 
there may be a problem with sufficient bone stock. As a result, the average MSTS score were 67.

In 2016, Torner et al[2] reported 7 cases between the ages of 8 and 12 in which Mutars Xpand noninvasive expandable 
prosthesis was applied. The average follow-up period was 65 months. The average MSTS score after rehabilitation was 
26.3. They detected extension device malfunction in one patient and late infection in one patient. Extension intervals 
varied between 1 and 6 cm. In the knee megaprostheses used in these cases, the proximal physis of the tibia remained 
open and was allowed to grow naturally, thus minimizing limb inequality. In 2016, Schinhan et al[27] reported 71 cases in 
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which they applied invasive, minimally invasive or non-invasive prostheses and followed up for more than 2 years. The 
average MSTS was approximately 88%. They reported a total of 184 complications in 58 of the patients. 46% of these were 
soft tissue failures, 28% structural failures and 17% were infections. One of the structural failures mentioned in many 
series is stress shielding. It is more pronounced in children than in adults. It usually occurs in the first 2 years and no 
significant deterioration is observed afterward. In fact, it is not clear whether these findings lead to a risk of fracture.

Decilveo et al[1] published the results of 8 extremities of 7 patients in 2017. Four of the prostheses were noninvasive 
and 4 were minimally invasive. The mean functional outcome (MSTS scores) at the final follow-up was 93.3%. Functional 
outcomes for the noninvasive and minimally invasive expandable prostheses were 97% and 85%, respectively. Complic-
ations included temporary peroneal nerve palsy, infection, stiffness, and wound healing problems. Both appear to be safe 
and reliable means of reconstruction that permit limb salvage and provide good functional results considering the 
alternative is amputation. In 2018, Gilg et al[28] reported 21 cases in which primary arthroplasty was performed due to 
sarcoma and revision was performed with an expandable prosthesis due to complications. They followed all patients for 
at least one and a half years. They observed deep infection in 2 patients. The mean residual leg length difference was 15 
mm. They stated that noninvasive growing prostheses are a successful option in eliminating leg length in revision 
surgery.

Gundavda et al[13] reported the results of 18 noninvasive prostheses in 2019. The mean MSTS score was 28.83. The 
number of lengthening procedures they performed on patients varied between 1 and 12. They followed patients for an 
average of 50 months. They stated that the high cost of noninvasive prostheses can be considered recovered because they 
do not require additional lengthening procedures. In addition, small lengthening at frequent intervals seems to be more 
physiological than the minimally invasive method. As a complication, revision was performed on 2 patients due to 
malfunction of the extension mechanism. Prosthesis infection was observed in one patient after release surgery due to 
flexion contracture. In addition, delayed infection requiring new surgical interventions and medical treatments was 
observed in 2 patients. In 2019, Ajit Singh et al[29] reported 20 cases in which they used minimally invasive expandable 
prostheses. They followed all cases for at least 2 years and 85% of cases for at least 5 years. During this period, they 
performed a total of 124 surgical interventions, 56 of which were extension surgeries.

Staals et al[30] reported a study containing data from 15 European reference centers in 2020. According to an average 
follow-up of 80 months in 299 cases, noninvasive prostheses had a lower risk of infection and there was no difference in 
aseptic loosening rates between cemented and cementless stems. In 2020, Portney et al[31] published a meta-analysis in 
which they examined 292 cases. There was an average follow-up period of 67 months. 89% of the cases were followed for 
at least 10 years. Limb inequality was present in 36% of the cases, and the rate increased as the follow-up period 
increased. Minimally invasive expandable prostheses had significantly lower complication rates than noninvasive 
prostheses, especially in terms of mechanical complications. Because there were many extension problems in noninvasive 
prostheses.

Lex et al[32] published their systematic review in 2021, in which they reviewed 19 articles reporting noninvasive 
expandable prostheses. They found the average implant revision rate to be 46%, and while this rate was zero in some 
studies, it was 100% in some studies. When the reasons for revision were examined starting from the most common, 10% 
of the revisions were caused by maximal lengthening, 8% were due to implant-related fractures, 6% were due to 
extension mechanism malfunctions, and 1% were due to wear. Approximately 20% of all patients had limb disparity of 
more than 2 cm at the time of last follow-up. The average MSTS score was approximately 85%. They stated that 
noninvasive Xpandible prostheses have a high risk of revision during follow-ups, but functional results are good in 5-
year follow-ups, and it is a successful method in reducing limb inequality. Masrouha et al[33] reported the long-term 
results of 11 cases with the Repiphysis prosthesis in 2022. They followed all patients for at least approximately 12 years 
and reported failure of all implants at an average of 36 months. While the earliest failure was seen in the 3rd month, the 
latest was in the 72nd month. They reported 18 mechanical failures. They also described wound dehiscence, infection, 
implant collapse due to physeal damage, and periprosthetic fracture. They stated that there are high complication and 
revision rates in Repiphysis prostheses, similar to other expandable prostheses, and that all options should be carefully 
evaluated when determining the indication.

In 2022, Huang et al[6] published the results of an average of 9 years of follow-up of 29 cases in which they applied 
minimally invasive expandable prosthesis. All the patients were younger than 15 years of age, and they reconstructed the 
prosthesis on the resection side 2 cm longer than the resection length. When they detected a height difference of more 
than 3 cm in the follow-up radiographs, they planned an extension. To eliminate the incompatibility, they planned to 
lengthen it by 2 cm every 10 months. A total of 17 patients were lengthened by an average of 4 cm. The average MSTS 
score was 27. They reported a total of 2 revision surgeries, one due to infection and one due to aseptic loosening.

Shehadeh et al[34] reported the noninvasive results of 14 JTS Prostheses and 6 Mutars in 2022. They analyzed the cases 
for the presence of tibial multiplanar deformities. They found tibial deformity and/or growth abnormality in 14 of the 
patients (10 JTS, 4 Inplantcast) whom they followed for at least 2 years. They followed 11 of 14 cases with height 
inequality conservatively. They performed epiphysiodesis on the opposite side for two of them and replaced them with a 
long prosthesis for one. They found an average rotation of 13 degrees in the tibia in 11 of the patients. They also detected 
coronal angulation in 3 patients and sagittal angulation in 1 patient. No surgical intervention was required in any of the 
rotations and angulations. In the same year, Dukan et al[35] reported the results of 40 cases around the knee, which they 
followed for an average of 8.8 years. 28 Phenix and 12 Stanmore used prostheses. They found functional results to be 
significantly better in the Stanmore group. In addition, while implant survival was 100% in the Stanmore group, the 
prosthesis was explanted in all surviving patients in the Phenix group. The main reason for the revision operations was 
mechanical failure. At last follow-up, limb length equality was noted in 79% of Phenix-Repiphysis patients and 84% of 
Stanmore patients. The authors concluded that both prostheses were good and feasible. In addition, although long-term 
follow-up results of the prostheses are needed, it appears that Stanmore prostheses can be kept after skeletal maturity.
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CONCLUSION
Extendable endoprosthesis replacements have been improved over the years and are now an established and safe 
alternative. Noninvasive prostheses appear to be advantageous compared to minimally invasive expandable prostheses 
that require multiple surgical procedures, but the complication rate remains high. There is an increased risk associated 
with the elongation and mechanical reliability of extendable implants compared to adult endoprostheses. Therefore, 
although expandable prostheses are not the definitive answer to the treatment of bone sarcomas in skeletally immature 
children, they are still a suitable interim choice until full adulthood is achieved. Due to reported high complication rates, 
the procedures require significant experience and are recommended for use only in specialized cancer centers.
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Abstract
Surgical site infections (SSI) following total joint arthroplasty pose a significant 
concern for both providers and patients across the globe. Currently, adminis-
tration of antimicrobial antibiotic prophylaxis is used throughout the world to 
reduce the incidence of SSI. However, the correct dosage and frequency of admi-
nistration remains debatable. In this editorial, we emphasized the determination 
of the effect of administration of weight-adjusted antimicrobial antibiotic 
prophylaxis regime on the incidence of SSI and postoperative dosage reduction 
compared to the conventionally used regime during total joint arthroplasty. The 
results demonstrated similar efficacy between both regimes with respect to the 
incidence of SSI. In addition, weight-adjustment led to reduced postoperative 
dosage and has the potential to reduce chances of achieving lower therapeutic 
concentration, drug resistance, drug toxicity, and costs.
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infections; Total joint arthroplasty; Knee arthroplasty; Hip arthroplasty
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Core Tip: This editorial emphasized the evaluation of the efficacy of a weight-adjusted antimicrobial antibiotic prophylaxis 
regime on the incidence of surgical site infections and postoperative dosage reduction compared to a conventionally used 
regime during total joint arthroplasty. The results demonstrated similar efficacy between both regimes with respect to the 
incidence of surgical site infection. In addition, weight-adjustment led to reduced postoperative dosage and has the potential 
to reduce chances of achieving lower therapeutic concentration, drug resistance, drug toxicity, and costs.
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INTRODUCTION
Total joint arthroplasty (TJA), including total knee arthroplasty and total hip arthroplasty, is one of the most common 
elective orthopedic surgeries performed throughout the world[1]. Although good long-term results are reported in the 
majority of the patients, infections pose a considerable clinical challenge[1]. Surgical site infections (SSI), which frequently 
precedes periprosthetic joint infections, remains a significant source of morbidity, poor quality of life, and mortality in 
patients undergoing TJA[1]. As the number of TJA procedures continue to increase annually, so will the incidence of 
succeeding periprosthetic joint infections, instilling anxiety in both surgeons and patients[2]. Currently, prevention has 
been identified as the single most important strategy in combating SSI[1].

ANTIBIOTIC TREATMENT IN PRIMARY HIP AND KNEE ARTHROPLASTY
Administration of antimicrobial antibiotic prophylaxis (AMP) prior to the surgery to attain higher serum and tissue levels 
compared to the minimum inhibitory concentration of likely faced microorganisms that pose an elevated risk for infection 
have shown potential to reduce SSI after total knee arthroplasty or total hip arthroplasty[3]. It is also reported that SSI is 
lowest when AMP is administered preoperatively, followed by intraoperatively and during the immediate postoperative 
phases[4]. Its efficacy diminishes 24 h postoperatively[4]. In addition, AMP is presently administered globally in uniform 
dosages to all patients, irrespective of their weight. This approach may result in the delivery of either suboptimal or 
excessive therapeutic dosages in underweight or overweight patients, respectively. Suboptimal dosages may fail to 
achieve the minimum inhibitory concentration required to eliminate microorganisms, including bacteria, increasing the 
risk of drug resistance. On the other hand, prolonged and/or excessive dosages may lead to drug toxicity. Of note, 
obesity is identified as a major risk factor for SSI in TJA in various studies[5-8]. Moreover, it has been reported that a body 
mass index ≥ 35 or weight ≥ 100 kg may serve as a cutoff for a higher perioperative dosage of AMP[8]. Thus, an optimal 
dosage of systemic antibiotics adjusted by patient’s body weight for prophylaxis is a significant protective factor for SSI
[9]. Hence, a tailored AMP based on microorganisms likely to cause the infection, correct dosage, and frequency is 
essential to prevent SSI after TJA.

To some extent, an essential question regarding the best frequency and dosage of antibiotic treatment in primary hip 
and knee arthroplasty has been answered by Okoro et al[10]. They contrasted a weight-adjusted pre-operative dose 
[cefazolin 2 g intravenous (IV) for patients < 120 kg; cefazolin 3 g IV for patients > 120 kg] and a single postoperative dose 
at 2 h only (new regime) with a conventional (old regime) single preoperative dose (2 g cefazolin IV in all patients, 
regardless of the weight) and two postoperative antibiotic doses, 2 h and 8 h, respectively. No significant differences in 
the rate of deep and superficial infection between the groups 2 years after surgery were observed. Additionally, using an 
interrupted time series analysis and propensity score weighting, no statistically significant differences in the SSI rates 
between the two groups were observed. This study provided valuable insight to arthroplasty surgeons on benefits of 
using weight-adjusted dosage regime to prevent SSI, while reducing the postoperative dosage and chances of attaining 
lower therapeutic concentration, drug resistance, drug toxicity, and costs. The results from this study are in accordance 
with a recently published multicenter, prospective study that reported that administration of adequate, weight-adjusted 
dose and early, preoperative delivery of AMP can reduce SSI in TJA[11]. Furthermore, machine learning models, such as 
the neural network model, can be utilized to foretell patient-specific SSI following TJA to aid in clinical decision-making 
to improve results in at-risk patients[12].

CONCLUSION
The efficacy of a weight-adjusted AMP dosage regime is equivalent to a conventional AMP dosage regime in terms of SSI 
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incidence in TJA. In addition, weight-adjustment led to reduction in postoperative dosage, incidence for drug resistance 
and toxicity, and overall costs.
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Abstract
BACKGROUND 
The four components that make up the current dual-mobility artificial hip joint 
design are the femoral head, the inner liner, the outer liner as a metal cover to 
prevent wear, and the acetabular cup. The acetabular cup and the outer liner were 
constructed of 316L stainless steel. At the same time, the inner liner was made of 
ultra-high-molecular-weight polyethylene (UHMWPE). As this new dual-mobility 
artificial hip joint has not been researched extensively, more tribological research 
is needed to predict wear. The thickness of the inner liner is a significant compo-
nent to consider when calculating the contact pressure.
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AIM 
To make use of finite element analysis to gain a better understanding of the contact behavior in various inner liner 
thicknesses on a new model of a dual-mobility artificial hip joint, with the ultimate objective of determining the 
inner liner thickness that was most suitable for this particular type of dual-mobility artificial hip joint.

METHODS 
In this study, the size of the femoral head was compared between two diameters (28 mm and 36 mm) and eight 
inner liner thicknesses ranging from 5 mm to 12 mm. Using the finite element method, the contact parameters, 
including the maximum contact pressure and contact area, have been evaluated in light of the Hertzian contact 
theory. The simulation was performed statically with dissipated energy and asymmetric behavior. The types of 
interaction were surface-to-surface contact and normal contact behavior.

RESULTS 
The maximum contact pressures in the inner liner (UHMWPE) at a head diameter of 28 mm and 36 mm are 
between 3.7-13.5 MPa and 2.7-10.4 MPa, respectively. The maximum von Mises of the inner liner, outer liner, and 
acetabular cup are 2.4–11.4 MPa, 15.7–44.3 MPa, and 3.7–12.6 MPa, respectively, for 28 mm head. Then the 
maximum von Mises stresses of the 36 mm head are 1.9-8.9 MPa for the inner liner, 9.9-32.8 MPa for the outer liner, 
and 2.6-9.9 MPa for the acetabular cup. A head with a diameter of 28 mm should have an inner liner with a 
thickness of 12 mm. Whereas the head diameter was 36 mm, an inner liner thickness of 8 mm was suitable.

CONCLUSION 
The contact pressures and von Mises stresses generated during this research can potentially be exploited in 
estimating the wear of dual-mobility artificial hip joints in general. Contact pressure and von Mises stress reduce 
with an increasing head diameter and inner liner’s thickness. Present findings would become one of the references 
for orthopedic surgery for choosing suitable bearing geometric parameter of hip implant.

Key Words: Contact behavior; Contact pressure; Finite element analysis; Dual-mobility; Artificial hip joint

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The dual mobility hip system has the potential to be a great big bearing articulation if its technology is combined 
with highly cross-linked polyethylene. The modern artificial hip joint design has two free articulations between four parts: 
the femoral head, the inner liner, the outer liner as a metal cover to reduce wear, and the acetabular cup. Several studies show 
that prosthetic implant wear might be predicted partly by computing contact pressure distribution and contact area during 
everyday activities. A more reliable method of distinguishing between ideal and reality models may be incorporating 
activities with severe loading and boundary conditions.

Citation: Hidayat T, Ammarullah MI, Ismail R, Saputra E, Lamura MDP, K N C, Bayuseno AP, Jamari J. Investigation of contact 
behavior on a model of the dual-mobility artificial hip joint for Asians in different inner liner thicknesses. World J Orthop 2024; 
15(4): 321-336
URL: https://www.wjgnet.com/2218-5836/full/v15/i4/321.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i4.321

INTRODUCTION
Bousquet pioneered the idea of a dual-mobility (DM) artificial hip joint (AHJ) in the 1970s[1]. The polyethylene liner of 
the dual mobility system is concave on the inside for internal movement and convex on the outside for external motion. 
The design uses efficient large bearings to replicate metal-on-metal (MoM) articulation[2,3]. The use of highly cross-
linked polyethylene bearings has grown, and preliminary findings have been shared[4,5]. They have low initial wear 
rates, meaning less osteolysis and a longer implant lifespan[4-6]. The dual mobility hip system has the potential to be a 
great big bearing articulation if its technology is combined with highly cross-linked polyethylene[7]. Having two options 
for movement should keep things stable and retain most of the range of motion[8-10].

The modern artificial hip joint design has two free articulations between four parts: the femoral head, the inner liner, 
the outer liner as a metal cover to reduce wear, and the acetabular cup (Figure 1). This geometric shape was introduced 
by the Center for Biomechanics Biomaterials Biomechatronics and Biosignal Processing (CBIOM3S), Department of 
Mechanical Engineering, Universitas Diponegoro, Semarang, Indonesia, and has received a patent from the Ministry of 
Law and Human Rights of the Republic of Indonesia with patent number S00201703018. The range of motion (RoM) of 
this design is projected to be greater than that of single-mobility (SM) devices with a similar-sized head[9]. This wider 
RoM is needed by Asians to carry out their daily activities, especially worship activities[11-14]. Additionally, it may 
shield the convex ultra-high-molecular-weight polyethylene (UHMWPE) liner’s surface from wear. The DM’s metal cover 
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Figure 1  New dual-mobility artificial hip joint concept for Asians.

(namely the outer liner) shields the inner liner from damage as it slides into the cup. Several research projects have been 
carried out on this novel DM AHJ[15-18]. Despite this, further study is still required, particularly on the tribological traits 
that might be used to quantify wear. Obviously, it helps to verify the findings and develop the method based on the work 
of others.

Although conducting experiments on contact mechanics using hip joint simulators is a common method, finite element 
analysis (FEA) is also a good choice for predicting contact pressure in hip joints[19]. Several studies[20-22] show that 
prosthetic implant wear might be predicted partly by computing contact pressure distribution and contact area during 
everyday activities. Using the finite element method, the contact parameters, including the maximum contact pressure 
and contact area, have been evaluated in light of the Hertzian contact theory[20,21].

The stresses encountered at the contact surfaces may dictate the wear processes and hence may be connected to the 
wear volume and particle size, making knowledge of the contact mechanics of a prosthetic bearing crucial. In order to 
evaluate the bearing’s structural integrity and prevent undesirable outcomes such as equatorial contacts and the femoral 
head being gripped by the acetabular cup, it is essential to compare the contact stresses to the strength of the bearing 
materials[23].

Due to the novelty of the DM AHJ model, limited study has been conducted on it. An investigation is required to 
identify the inner liner thickness of this DM AHJ in the most optimal manner. This study aims to utilize finite element 
analysis to learn more about the contact behavior of varying inner liner thicknesses on a novel model of DM AHJ, with 
the end goal of determining the optimal inner liner thickness for this particular DM AHJ. The femoral head is measured 
and compared between two sizes in this study: small head (28 mm) and big head (36 mm). Eight inner liner thicknesses 
range from 5 mm to 12 mm. Contact pressures and von Mises stresses, determined in this work, may be utilized to 
estimate the wear and the failure of DM AHJ in general.

MATERIALS AND METHODS
The outer liner and the acetabular cup were stainless steel 316L (SS316L) in this investigation. The inner liner was made of 
UHMWPE. Finite element software, Abaqus, was used for static analysis. The elastic modulus of SS316L was 200000 MPa
[24], whereas that of UHMWPE was just 1000 MPa[25]. SS316L and UHMWPE had Poisson’s ratios of 0.3[24] and 0.4[25], 
respectively. The following were the technical specs of the rig used for this FEA: Processor (Intel Xeon E5 2698 v3), 
Memory (64 GB), and Graphics Adapter (VGA): Quadro P2000 from Nvidia.

Finite element model
The femoral head had a diameter of 28 mm, representing the “small head” , and 36 mm representing the “big head” . In 
AHJ, these are the typical sizes utilized. The thickness of the inner liner varied from 5 mm to 12 mm over a total of eight 
distinct options. Dubin’s research on dual-mobility sizes accommodates the inner liner thicknesses of this order[26]. 
Radial clearance adopted from Hidayat et al[18], where inner liner and the head was 150 μm, while the clearance between 
the outer liner and the cup was 50 μm. One millimeter thick described the outer liner, and two millimeters described the 
acetabular cup[18].

The materials were thought to be isotropic, homogenous, and linear elastic[27]. In order to speed up the FEA while 
maintaining the same level of precision, the femoral head was modeled as an analytical rigid body[28]. With a butterfly 
mesh model based on an open cube box concept[29], the inner liner was meshed using eight-node structural hexahedron 
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elements (C3D8R), which eliminated the need for a combination of tetrahedral and hexahedral elements and the resulting 
potential for irregular stress concentrations[30]. The outer liner and acetabular cup used the quadratic tetrahedral 
(C3D10H) mesh model to avoid errors in visualizing contact pressure. Distinguishing the mesh model on the outer liner 
and inner liner is also done by Wegrzyn et al[31]. The FEA model for DM AHJ used in this work is shown in Figure 2.

The output of quadratic shape functions is less impacted by mesh refinement, thus offering a better approximation of 
the underlying geometry. They are also more stable. These advantages are because quadratic shape functions have a 
higher degree of quadraticity[32]. With fewer elements, quadratic elements may morph more convincingly and accurately 
depict geometric curvature. Quadratic elements can also deform more correctly and realistically than linear ones[33].

The mesh convergence test yielded the proper mesh size for the simulation, which was 0.8 mm for hexahedral and 1.5 
mm for tetrahedral (Figure 3). On the head of 28 mm and 36 mm, the inner liner’s elements were between 19596–68430 
and 28800–100800, respectively. The number of elements often used in finite element (FE) simulations are 8352[34], 6912
[35], 6800–15500[36], and 3864[37]. Therefore, the number of elements in this study is sufficient and valid for FE simu-
lation to be carried out. Table 1 displays the materials, element types, number of elements, and nodes used to create each 
part.

Loading and boundary conditions
The cup and the liner began in their anatomically optimal positions at an inclination angle of 45 degrees and an ante-
version angle of zero[38]. The head and the cup had the same inclination and anteversion angle, making them concentric. 
The epicenter of the head served as the origin of a fixed Cartesian coordinate system (x, y, z). During the creation of the 
rigid body for the head, its center was set as a reference point. All degree of freedom was restricted on the acetabular 
cup’s outer surface.

Figure 4 depicts the DM hip joint reference frame, which allows for three relative rotations between the linked 
components (the pelvis and the femur). The letter FE represents flexion and extension in the sagittal plane, AA represents 
adduction and abduction in the frontal plane, and IER represents an internal and external rotation in the horizontal plane. 
Medial-lateral (ML), anterior-posterior (AP), and proximal-distal (PD) are the three orthogonal axes around which these 
motions occur[39].

Under normal gait cycle conditions, the load occurred on the XYZ axis, which was centered on the femoral head refe-
rence point[40]. This load used in the study refer previous study from Jamari et al[41]. The stance phase of the gait cycle 
begins at 0 percent when the right heel makes contact with the floor and continues until approximately 60 percent when 
the toes lift off the floor. The swing phase of the gait cycle begins at 60 percent and continues until 100 percent when the 
heel makes contact with the floor again. During the swing phase, there is no contact between the foot and the floor. 
Figure 5 uses and reproduces the hip joint internal forces encountered during gait cycles.

The simulation was performed statically with dissipated energy and asymmetric behavior. The types of interaction 
were surface-to-surface contact and normal contact behavior. There were three interaction statuses: the head-inner liner 
used finite sliding, the inner liner-outer liner used small sliding (because both were bonded), and the outer liner-
acetabular cup used finite sliding as well. All interactions were stabilized using contact control with automatic stabil-
ization and augmented Lagrange. Stabilization effects were only implemented in the first step in which this control was 
addressed. These characteristics would only affect contact interactions specified by contact surface behavior.

Dry contact mechanics
Hertz’s contact theory is also used to determine the dry contact mechanics of DM AHJ. This contact mechanic is achieved 
with the help of a ball-on-plane model with the same level of accuracy. The radius of equivalent ball, R, is determined 
from the inner liner and head radii, Ri and Rh, and the diametral clearance, c, as derived in equation 1[21]:

The interaction of a rigid indenter with a flat, large specimen is highly relevant in many situations. Hertz discovered 
that the radius of the contact, a, is linked to the indenter force F, the radius of the equivalent ball, R, and the elastic 
modulus of the materials by equation 2:

Which describes the most common case of contact between a rigid sphere and a flat surface. Where E* is the combined 
modulus of the inner liner and the head given by equation 3:

Ei and vi define the inner liner’s elastic modulus and Poisson’s ratio, whereas Eh and vh characterize the head’s elastic 
modulus and Poisson’s ratio, respectively. The maximum contact pressure, Pm, is calculated by dividing the indenter load 
by the predicted contact area and serves as a helpful normalizing parameter with real-world relevance. The maximum 
contact pressure formula is shown in equation 4:

RESULTS
Verification of the FE model
Valid data can only be obtained from the simulation if the FE model has been verified. The simulation findings were 
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Table 1 Materials and mesh specification

Components Materials Element types Number of elements (range)1 Number of nodes (range)1

28 mm femoral head

Femoral head analytical rigid body

Inner liner UHMWPE Hexahedral (C3D8R) 19596–68430 23331–74256

Outer liner SS316L Tetrahedral (C3D10H) 6552–12147 13317–24557

Acetabular cup SS316L Tetrahedral (C3D10H) 13942–23839 23918–40901

36 mm femoral head

Femoral head analytical rigid body

Inner liner UHMWPE Hexahedral (C3D8R) 28800–100800 34167–109040

Outer liner SS316L Tetrahedral (C3D10H) 9512–16189 19249–32654

Acetabular cup SS316L Tetrahedral (C3D10H) 19425–32320 33354–55278

1Left value for 5 mm thickness, and right value for 12 mm inner liner thickness. UHMWPE: Ultra-high-molecular-weight polyethylene.

Figure 2  Mesh model.

checked by comparing them with the results found by Ruggiero and Silica[42]. The maximum contact pressure during 
typical walking cycles is compared in Figure 6 between the present simulation findings and the results of Ruggiero and 
Silica[42]. Ruggiero used a 28 mm head diameter, and the thickness of the liner was 9.5 mm. Therefore, the simulation in 
the current study also used a head diameter of 28 mm and the inner liner thickness of 9 mm and 10 mm for comparison.

The comparison graph demonstrates that the average difference between the current study (9 mm and 10 mm 
thickness) with those predicted by Ruggiero and Silica[42] is not significant, coming in at 4% and 2%, respectively that in 
acceptable range[27]. Variations in input quantities or parameter settings in the FEA program likely account for the 
discrepancy[43-45]. However, this is not an issue if the trend line agrees well with previous study as validation. 
Afterward, a complete simulation was run to determine the contact pressure and von Mises stress for two different head 
diameters (28 mm and 36 mm) and eight inner liner thicknesses (from 5 mm to 12 mm). The findings of contact pressure 
and von Mises stress for both head diameters and eight thicknesses of inner liner are discussed in the following 
subsection.

Contact pressure
The initial output of the simulation was contact pressure. Contact pressure is the ratio between the typical load and the 
actual contact area, which is the total of the front and rear contact areas. There were contacts between two sets of surfaces. 
First, hard-on-soft contact[46] occurred at the head surface, paired with the inner liner’s concave surface. The second was 
hard-on-hard contact[47] between the acetabular cup’s concave surface and the outer liner’s convex surface.

Figure 7 depicts the maximum contact pressure on the inner liner, outer liner, and acetabular cup surfaces. The 
maximum contact pressure at a head diameter of 28 mm and 36 mm is shown in Figure 6, respectively. The highest load 
occurs when the gait cycle reaches 20%. At 28 mm head diameter, the maximum contact pressure is 13.5 MPa, on the 
inner liner thickness of 5 mm. While the head diameter is 36 mm, the maximum contact pressure is 10.4 MPa, on the inner 
liner thickness of 5 mm. There is a decrease in the highest contact pressure by 23%.
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Figure 3  Convergence test.

Figure 4 The DM hip joint reference frame. AP: Anterior-Posterior; IER: Internal-External Rotation; PD: Proximal-Distal; FE: Flexion-Extension; ML: Medial-
Lateral; AA: Adduction- Abduction.

Then the lowest load occurs when the gait cycle is between 80%-90%. At 28 mm head diameter, the maximum contact 
pressure is 3.7 MPa, on the inner liner thickness of 12 mm. While the head diameter is 36 mm, the maximum contact 
pressure is 2.7 MPa, on the inner liner thickness of 8 mm. There is a decrease in the lowest contact pressure by 26%. The 
maximum contact pressure is lower with a head diameter of 36 mm than a head diameter of 28 mm. This finding demo-
nstrates that as head diameter increases, contact pressure decreases. However, additional study is still required to 
determine how much larger the maximum head diameter may be made.

Figure 8 shows the percentage increase in contact pressure value on the outer liner and acetabular cup compared to the 
inner liner. The inner liner with a thickness of 12 mm has the smallest increase in contact pressure of the 28 mm head, 
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Figure 5 Hip loads during normal walking cycles, reproduced from[42]. AP: Anterior-Posterior; PD: Proximal-Distal; ML: Medial-Lateral.

Figure 6  Finite element model verification.

which is 3% on the outer liner and 11% on the acetabular cup. It indicates that the contact pressure in the outer liner and 
acetabular cup is low and relatively just above the contact pressure in the inner liner. Additionally, with a head diameter 
of 36 mm, an increase in contact pressure of 7% on the outer liner and 8% on the acetabular cup takes place when the 
thickness is 8 mm. The lower the column, the better the thickness of the inner liner. The most proper inner liner thickness 
is depicted with the lowest column.

In SM AHJ, the ideal thickness of the inner liner is determined only by the liner. In distinction to SM AHJ, DM AHJ 
requires simultaneous and related consideration of contact pressure values on the inner liner, outer liner, and acetabular 
cup to determine the ideal thickness of the inner liner. Considering the proximity of the contact pressure values between 
the inner liner, outer liner, and acetabular cup, the suitable inner liner for a 28 mm head is 12 mm. In contrast, an 8-
millimeter-thick inner liner is ideal for a 36-millimeter-diameter head. Figure 9 provides a visual representation of the 
results of the contact pressure distribution during gait cycles at 20% (maximum load) and at 80% (minimum load).
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Figure 7 Maximum contact pressures based on gait cycles. A: 28 mm head diameter; B: 36 mm head diameter.
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Von mises stress
The second simulation outcome is von Mises stress. The von Mises stress is frequently employed to determine whether an 
isotropic and ductile metal will yield under complicated loading conditions[48]. In this DM AHJ, von Mises stress was 
measured on the inner liner, outer liner, and acetabular cup components. The inner liner was fabricated from UHMWPE, 
while the outer liner and acetabular cup were fabricated from 316L stainless steel. The maximal von Mises stresses on the 
inner liner, outer liner, and acetabular cup are shown in Figure 10. Figure 10A depicts the maximum von Mises stress at a 
head diameter of 28 mm, whereas Figure 10B depicts the maximum von Mises stress with a head diameter of 36 mm.

The outer liner has the highest von Mises value, in contrast to the contact pressure value found in the acetabular cup. 
The high von Mises is due to the outer liner being the thinnest DM AHJ component. Accordingly, descending von Mises 
values are as follows: outer liner, acetabular cup, and inner liner. At the same head diameter of 28 mm, the von Mises 
stress on the outer liner is about 79% more than on the inner liner. The incidence of von Mises in the acetabular cup rises 
by 19%. On the head with a 36 mm diameter, von Mises stress increases by 78% on the outer liner and 14% on the 
acetabular cup.

DISCUSSION
Regarding the outer liner and acetabular cup, the contact pressures occur on the convex and concave surfaces. The outer 
liner and acetabular cup trend lines are identical to the inner liner trend line, but the value is greater than that. Therefore, 
the sequence of the contact pressure values, going from the lowest to the highest, is as follows: Inner liner, outer liner, and 
acetabular cup.

The components of DM AHJ have well-defined maximum contact pressure values, and it is simple to determine such 
values. The maximum contact pressures in the outer liner at a head diameter of 28 mm and 36 mm are between the range 
of 4.5-16.3 MPa and 3.7-13.6 MPa, respectively. In contrast, the maximum contact pressures in the acetabular cup at a 
head diameter of 28 mm and 36 mm are between the range of 5.1-17.4 MPa and 4.3-14.6 MPa, respectively. In other 
words, the contact pressure is proportional to the applied load. When the load is increased, so is the contact pressure.

Several salient features characterize the contact issue in MoP prosthetic joints[49]. It should be noted that the metal 
component of a prosthetic joint has an elastic modulus that is 200 times or more than that of polyethylene. The elastic 
modulus of SS316L is 200000 MPa, whereas that of UHMWPE is just 1000 MPa. Therefore, the metal prosthetic 
component behaves identically to that of a rigid body, causing significant deformations in the polyethylene. The second 
characteristic is that the initial contact on the MoP is non-conformal due to a clearance between the head and the liner. 
The wider the clearance, the more non-conformal it will be[50]. Then once it is given a high load, the polyethylene will be 
severely deformed, while the head remains unaltered, resulting in conformal contact. The third key feature is that the 
polyethylene layer is restricted to a maximum thickness at a certain point.

These three characteristics render Hertzian theory inappropriate for problem-solving involving MoP prosthetic joints
[51]. The reason is that the Hertzian theory is used when the deformation occurs on both contact surfaces. However, in 
MoP AHJ, the deformation takes place solely on the surface of the UHMWPE. The Hertzian theory is based on the non-
conformal surface hypothesis. Nevertheless, if the polyethylene is substantially deformed, the Hertzian concept is no 
longer applicable since the contact has become conformal. The Hertzian theory is more appropriate for MoM AHJ[50]. 
Another issue is that the Hertzian theory only applies to thicknesses of a semi-infinite range; it cannot be used for 
thicknesses of a limited range, such as the UHMWPE layer on AHJ[52].

This study’s predicted contact pressure is consistent with earlier FE studies. The maximum contact pressures in the 
inner liner (UHMWPE) at a head diameter of 28 mm and 36 mm are between 3.7-13.5 MPa and 2.7-10.4 MPa, respectively. 
Wang et al[53] suggested that the contact pressure on the inner cup surface varies from 3.2 to 11.5 MPa. According to Wu 
et al[54], the contact pressure is between 1.5 and 15 MPa. Hua et al[55] reported that the contact pressure varies between 4 
and 11 MPa. According to other researchers, the contact pressure values range between 6 and 19 MPa[56-58].

Maximum contact pressure diminishes as the thickness of the inner liner increases. Keep in mind, however, that there 
is a maximum thickness for the inner liner since it will also affect the diameter of the acetabular cup, given the greatest 
diameter of the acetabular cup that the acetabulum socket can still tolerate. Dubin et al[26] reported the maximum cup 
diameter to be 74-80 mm, but Chan et al[59] reported the maximum acetabular cup diameter to be 58 mm. In their study, 
Hua et al[55] used 56 mm for the outer diameter of the acetabular shell. In this current research, the outside diameter of 
the acetabular cup is 58.4 mm for a 12 mm inner liner thickness and 28 mm head diameter. While the head is 36 mm with 
an inner liner thickness of 12 mm, the acetabular cup has an outer diameter of 66.4 mm. Therefore, the thickness of the 
inner liner in this investigation remains within the permissible dimensions.

The maximum von Mises of the inner liner, outer liner, and acetabular cup are 2.4–11.4 MPa, 15.7–44.3 MPa, and 
3.7–12.6 MPa, respectively, for 28 mm head. Then the maximum von Mises stresses of the 36 mm head are 1.9-8.9 MPa for 
the inner liner, 9.9-32.8 MPa for the outer liner, and 2.6-9.9 MPa for the acetabular cup. It should be noted that UHMWPE 
has a range of yield strengths. According to Malito et al[60], the engineering yield stress in UHMWPE formulations varies 
from 21.7 to 26.2 MPa. UHMWPE has a tensile strength of 35 MPa[61]. The maximum von Mises of the inner liner is lower 
than the yield strength of UHMWPE.

The predicted stresses matched those found in the FE works of literature used in this investigation. According to the 
subject-specific hip model, Anderson et al[62] presented that the von Mises stresses are between 0 and 44 MPa. Harris et al
[63] found that, for healthy volunteers, peak stress while walking is 7.5 MPa, which is within the expected range under 
physiological stresses. Ravera et al[64] demonstrated that the von Mises stress varies between 0 and 12 MPa. According to 
Wu et al[54], the acetabular cartilage undergoes peak von Mises stresses of 7.5 MPa for a normal hip, 14.9 MPa for a 
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Figure 8 The average increase in contact pressures. A: 28 mm head diameter; B: 36 mm head diameter.

sphere-replaced hip, and 13.1 MPa for a rotating ellipsoid-replaced hip. Dalli et al[56] stated that the maximum von Mises 
is 13.5 MPa. All of the simulated results presented illustrates contact behavior in DM AHJ that would bring beneficial to 
choosing suitable geometry for implant patient.

CONCLUSION
It is possible to conclude that the inner liner’s maximum von-Mises and contact pressure values are much less than the 
UHMWPE material’s yield strength (21-27 MPa). As the inner liner’s thickness rises, maximum contact pressure 
decreases. The maximum contact pressure is lower, with a head diameter of 36 mm compared to a head diameter of 28 
mm. As a result, contact pressure and von Mises stress reduce with an increasing head diameter and inner liner’s 
thickness. The results of this study indicate that for a head with a diameter of 28 mm, an inner liner thickness of 12 mm is 
optimal. As for the 36 mm diameter head, the appropriate inner liner thickness is 8 mm. In this investigation, regular 
cycles of normal walking were the only activity examined. A more reliable method of distinguishing between ideal and 
reality models may be incorporating activities with severe loading and boundary conditions. Another drawback is that 
static analysis was used instead of dynamic analysis. In contrast, a more noticeable impact may be predicted if the invest-
igation is conducted dynamically with continuous loading and more realistic boundary conditions. Then, more studies 
are required for the various head diameter and research about the wear and lubrication of this DM AHJ component. The 
findings in the present computational simulation would become orthopedic surgeon referral for choosing suitable 
geometry of DM AHJ for their patient.
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Figure 9 Visualization of contact pressures. A: 28 mm head; B: 36 mm head.
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Figure 10  Von mises stress. A: 28 mm head diameter; B: 36 mm head diameter.
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Abstract
BACKGROUND 
Excellent hip joint function facilitates limb recovery and improves the quality of 
survival. This study aimed to investigate the potential risk factors affecting 
postoperative joint functional activity and outcomes in elderly hip fractures 
patients and to provide evidence for patient rehabilitation and clinical mana-
gement.

AIM 
To explore the relationship between inflammatory factors and hip function and 
the interaction between inflammation and health after hip fracture in elderly 
patients.

METHODS 
The elderly patients who had hip fracture surgery at our hospital between 
January 1, 2021, and December 31, 2022 were chosen for this retrospective clinical 
investigation. Patients with excellent and fair postoperative hip function had their 
clinical information and characteristics gathered and compared. Age, gender, 
fracture site, surgical technique, laboratory indices, and other variables that could 
have an impact on postoperative joint function were all included in a univariate 
study. To further identify independent risk factors affecting postoperative joint 
function in hip fractures, risk factors that showed statistical significance in the 
univariate analysis were then included in a multiple logistic regression analysis. 
In addition to this, we also compared other outcome variables such as visual 
analogue scale and length of hospital stay between the two groups.

RESULTS 
A total of 119 elderly patients with hip fractures were included in this study, of 
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whom 37 were male and 82 were female. The results of univariate logistic regression analysis after excluding the 
interaction of various factors showed that there was a statistically significant difference in interleukin (IL)-6, IL-8, 
IL-10, C-reactive protein (CRP), and complement C1q (C1q) between the fair and excellent joint function groups (P 
< 0.05). The results of multiple logistic regression analysis showed that IL-6 > 20 pg/mL [(Odds ratio (OR) 3.070, 
95%CI: 1.243-7.579], IL-8 > 21.4 pg/ mL (OR 3.827, 95%CI: 1.498-9.773), CRP > 10 mg/L (OR 2.142, 95%CI: 1.020-
4.498) and C1q > 233 mg/L (OR 2.339, 95%CI: 1.094-5.004) were independent risk factors for poor joint function 
after hip fracture surgery (all P < 0.05).

CONCLUSION 
After hip fractures in older patients, inflammatory variables are risk factors for fair joint function; therefore, early 
intervention to address these markers is essential to enhance joint function and avoid consequences.

Key Words: Hip function; Fracture; Inflammatory factors; Risk factors; Prevention

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Interleukin (IL)-6 > 20 pg/mL, IL-8 > 21.4 pg/mL, C-reactive protein > 10 mg/L, and complement C1q (C1q) > 
233 mg/L may be independent risk factors for fair postoperative joint function in patients with hip fracture. In addition, C1q 
represented a specific risk factor for fair joint function after hip fracture surgery in elderly patients, these predictors may 
provide a new strategy for the treatment of hip fracture.

Citation: Wang JM, Pan YT, Yang CS, Liu MC, Ji SC, Han N, Liu F, Sun GX. Effect of inflammatory response on joint function after 
hip fracture in elderly patients: A clinical study. World J Orthop 2024; 15(4): 337-345
URL: https://www.wjgnet.com/2218-5836/full/v15/i4/337.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i4.337

INTRODUCTION
Hip fractures are a serious and prevalent public health issue[1,2]. The high rates of sickness, mortality, and disability that 
are associated with ageing populations in particular pose a serious concern[3,4]. Also, as an osteoporotic fracture, it is 
highly susceptible to re-fracture[5], which will affect the patient’s mobility and quality of life[6,7]. The number of hip 
fractures is expected to increase to 4.5 million worldwide by 2050 as the population ages[8], and China will account for a 
significant proportion[9,10], thus the resulting physical and psychological problems, increased hospitalization costs and 
the social burden will pose a huge challenge in the future[11,12].

There are many risk factors for hip fracture, such as age, gender, smoking, osteoporosis, nutrition and medication[12,
13]. However, few studies have explored the relevance of inflammatory factors to the prognosis of surgery in elderly hip 
fracture patients. Immunoinflammatory responses and oxidative stress have been shown to affect post-operative hip 
fracture outcomes[14]. There are several inflammatory factors associated with fracture trauma and bone healing, for 
example, interleukin (IL)-6 is increased in osteoporotic human bone and promotes the development and persistence of the 
inflammatory response that affects fracture healing[15]; elevated concentrations of IL-8 and IL-10 in the synovial fluid of 
patients with acute tibial plateau fractures[16]; C-reactive protein (CRP) is associated with mortality at one year after hip 
fracture surgery[17]; complement C1q (C1q) is also involved in the process of innate and acquired immunity and is 
important in maintaining the balance of the immune response[18].

The establishment and modification of patients’ rehabilitation exercises and treatment programmes depends in large 
part on the post-operative joint function, degree of pain perception, and duration of hospital stay following the hip 
fracture. The choices made about useful serum markers, prompt adjustments to treatment plans for better prognosis, and 
more efficient use of medical resources have a significant impact on families and society as a whole. Therefore, it is partic-
ularly necessary to explore the risk factors associated with older individuals after hip fracture surgery. This study aimed 
to analyze which inflammatory factors might be associated with joint mobility and prognostic outcomes after hip fracture 
surgery, and to establish direction for further study.

MATERIALS AND METHODS
Ethics
This study was a retrospective design. All procedures and methods of our study were carried out under the procedures 
and regulations of Shanghai East Hospital. Meanwhile, our hospital ethics committee reviewed and approved this 
research under the approval number: [2022] Research Audit No. 278. Written informed consent was obtained from all 
participants in this study, and all data related to the patients were complete and detailed and handled confidentially.
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General information
A total of 119 patients diagnosed with hip fractures were selected from the electronic case database of Shanghai East 
Hospital from January 1, 2021 to December 31, 2022, who met the diagnostic criteria for hip fracture and had completed 
elective surgery in our hospital. Then, all patients were divided into a postoperative fair hip function group (Score < 80) 
and a postoperative excellent hip function group (Score ≥ 90) according to the Harris hip function scale[19], with 37 males 
and 82 females, aged 56-100 years, with a mean age of (76.4 ± 12.29) years (Table 1). All included hip fracture patients in 
this study underwent proximal femoral nail antirotation (PFNA) and total hip arthroplasty (THA), including 61 patients 
who underwent PFNA and 58 patients who underwent THA (Table 1).

Inclusion and exclusion criteria
The inclusion criteria for our study were: (1) Age ≥ 50 years; (2) Diagnosis of disease met the criteria for hip fracture; and 
(3) Patients received surgical treatment in our hospital. Exclusion criteria: (1) No surgical treatment; (2) Hip fracture due 
to high energy injury; (3) Open fracture; (4) Fracture occurred with excessive blood loss; (5) Associated with bone 
metabolic or inflammatory diseases; (6) Received medications affecting bone metabolism and inflammatory factors such 
as glucocorticoids, antibiotics, calcitonin, bisphosphonates, etc. prior to admission to the hospital; (7) Pathological 
fracture; and (8) Patients with severe liver and kidney disease and malignancy.

Evaluation method
The hip function is classified according to the Harris hip function scale, which is used to assess the outcome of various 
hip disorders, including: (1) Pain; (2) Function; (3) Deformity; and (4) Joint mobility. The score greater than or equal to 80 
was classified as excellent group, and the score less than 80 was classified as fair group. The visual analogue scale (VAS)
[20], is a visual analogue of the severity of pain. The scale is divided into 10 equal parts using a ruler, starting at 0 for no 
pain, 1-3 for mild pain, 4-6 for moderate pain, and 7-10 for severe pain, allowing the patient to subjectively state where 
they are on the scale and thus express the level of pain.

Data collection
The following clinical characteristics were collected and reviewed by two experts: Age, sex, hypertension, diabetes, 
fracture laterality, type of fracture site, surgical approach, time from injury to surgery, VAS score, and length of hospital 
stay.

In addition, laboratory tests that may affect the prognosis of patients with hip fractures were also collected and 
analyzed, specifically. Neutrophil count, lymphocyte count, IL-6, IL-8, IL-10, CRP, serum C1q. Finally, all clinical 
information collected was independently reviewed and confirmed by another specialist.

Statistical analysis
The measurement data were expressed as mean ± SD, and the count data were expressed as the number of cases and 
percentage; the t-test for independent samples was used for measurement data between groups, and the chi-square test 
was used for count data. The covariates that were statistically significant after one-way logistic analysis were further 
analyzed using multiple logistic regression to determine the risk factors affecting functional limitation of the hip joint 
after hip fracture surgery, with P < 0.05 being considered statistically significant. IBM SPSS Statistics 25 software was 
used for statistical analysis of the relevant data and GraphPad Prism 9 software was used for the graphical interpretation 
of the findings.

RESULTS
Patient characteristics and single-factor logistic regression analysis
A total of 119 elderly patients with hip fractures from Shanghai East Hospital affiliated with Tongji University were 
included in this study. 67 patients had fair hip function after surgery and 52 patients had excellent hip function after 
surgery. As shown in Table 1, there were significant differences in IL-6, IL-8, IL-10, CRP, and C1q (P < 0.05). However, 
there were no significant differences in age, gender, hypertensive disease, diabetes, fracture location, surgical approach, 
time from injury to surgery, serum neutrophil count, and lymphocyte count (P > 0.05).

Comparison of outcomes
The differences between the two groups were statistically significant (P < 0.05) in terms of length of hospital stay 
(Figure 1), while the differences in VAS scores were not statistically significant (P > 0.05). Table 2 shows outcomes for 
both groups of patients during the observation period

Multivariate logistic regression analysis
The risk factors from the univariate regression analysis were included in the multivariate logistic regression analysis, and 
as shown in Table 3 and Figure 2, IL-6 > 20 pg/mL [(Odds ratio (OR) 3.070, 95%CI: 1.243-7.579], IL-8 > 21.4 pg/ mL (OR 
3.827, 95%CI: 1.498-9.773), CRP > 10 mg/L (OR 2.142, 95%CI: 1.020-4.498) and C1q > 233 mg/L (OR 2.339, 95%CI: 1.094-
5.004) were independent risk factors for limited hip mobility after hip fracture surgery (all P < 0.05).
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Table 1 Patient characteristics of included patients, n (%)/mean ± SD

Fair hip function after surgery (n = 67) Excellent hip function after surgery (n = 52) Total (n = 119) t/χ2 P value

Age (yr) 76.88 ± 12.54 75.79 ± 12.05 76.4 ± 12.29 0.538 0.660

Sex 0.005 0.946

Female 46 (68.7) 36 (69.2) 82 (68.9)

Male 21 (31.3) 16 (30.8) 37 (31.1)

Hypertension 0.149 0.699

Yes 41 (61.2) 30 (57.7) 71 (59.7)

No 26 (38.8) 22 (42.3) 48 (40.3)

Diabetes 0.008 0.929

Yes 15 (22.4) 12 (23.1) 27 (22.7)

No 52 (77.6) 40 (76.9) 92 (77.3)

Types 0.030 0.862

Femoral neck 32 (47.8) 24 (46.2) 56 (47.1)

Trochanteric 35 (52.2) 28 (53.8) 63 (52.9)

Surgical method 0.016 0.899

PFNA 34 (50.7) 27 (51.9) 61 (51.3)

THA 33 (49.3) 25 (48.1) 58 (48.7)

Time from injury to

Surgery 4.69 ± 2.85 5.15 ± 2.82 4.89 ± 2.84 0.876 0.425

Neut 6.09 ± 2.38 6.49 ± 2.36 6.29 ± 2.36 0.643 0.806

Lymph 1.20 ± 0.61 1.14 ± 0.44 1.17 ± 0.53 0.455 0.152

IL-6 53.08 ± 28.24 24.58 ± 9.57 37.03 ± 24.43 2.54 0.012

IL-8 47.99 ± 23.39 24.06 ± 10.48 34.52 ± 20.98 7.47 < 0.01

IL-10 11.43 ± 4.83 9.44 ± 3.89 10.31 ± 4.42 2.49 0.014

CRP 21.76 ± 18.12 10.00 ± 5.55 15.14 ± 13.91 5.022 < 0.01

C1q 207.44 ± 49.24 174.84 ± 66.86 189.08 ± 61.75 2.949 0.004

PFNA: Proximal femoral nail antirotation; THA: Total hip arthroplasty; IL: Interleukin; CRP: C-reactive protein; C1q: Complement C1q.

Table 2 Outcomes

Fair hip function after surgery (n = 
67)

Excellent hip function after surgery (n = 
52)

F. group vs E. 
group

Outcome mean ± SD mean ± SD Mean diff. (95%CI) P 
value

VAS 2.03 ± 0.82 1.85 ± 0.78 0.18 (-0.11-0.48) 0.827

Length of hospital-
ization

14.31 ± 7.85 13.72 ± 3.98 0.59 (1.60-2.78) 0.036

VAS: The visual analogue scale; SD: Standard deviation.

DISCUSSION
The years 2020 to 2030 are known as the decade of healthy ageing[21]. As the population ages, hip fractures are becoming 
more common in the elderly population, and in those over 65 years of age, hip fractures can lead to serious complications 
and reduce life expectancy[22,23]. The current treatment is still mainly surgical, but due to advanced age, weak organ 
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Table 3 Logistic regression analysis on the risk factors of postoperative fair joint function in patients with hip fracture

Items β SE OR 95%CI P

IL-6 > 20 pg/mL 1.122 0.461 3.070 1.243-7.579 0.015

IL-8 > 21.4 pg/mL 1.342 0.478 3.827 1.498-9.773 0.005

IL-10 > 5.90 pg/mL 0.719 0.438 2.053 0.871-4.841 0.10

CRP > 10 mg/L 0.762 0.379 2.142 1.020-4.498 0.044

C1q > 233 mg/L 0.850 0.388 2.339 1.094-5.004 0.028

IL: Interleukin; CRP: C-reactive protein; C1q: Complement C1q; OR: Odds ratio; SE: System error.

Figure 1 Swimming plot. A: Length of hospitalization for patients with excellent joint function after hip fracture; B: Length of hospitalization for patients with fair 
joint function after hip fracture.

Figure 2 Multifactorial logistic regression analysis of postoperative fair hip functional in elderly hip fractures patients. CRP: C-reactive 
protein; IL: Interleukin; C1q: Complement C1q; OR: Odds ratio.

function, and already existing comorbidities, often patients undergo surgery with a high mortality rate and multiple 
complication outcomes[3,12], therefore the identification of risk factors, as well as stratification of inpatients and precise 
and personalized treatment, is beneficial to improve the prognosis of elderly hip fracture patients. However, there is a 
lack of accurate clinical indicators for prognosticating hip function after hip fracture surgery in the elderly. This study 
focuses on analysing the possible association between inflammatory factor levels and hip function after hip fracture 
surgery in the elderly. Our findings suggest that IL-6 > 20 pg/mL, IL-8 > 21.4 pg/mL, CRP > 10 mg/L, and C1q > 233 
mg/L are independent risk factors for poorer postoperative joint function in hip fracture patients, and that there are 
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significant differences in length of hospital stay in these study subjects (P < 0.05). Thus, these suggest that physicians may 
need to take clinical measures to address these risk factors to prevent the occurrence and development of postoperative 
complications.

Numerous investigations have examined the evaluation of patients’ mortality, morbidity, and voluntary mobility 
following hip fractures. According to Xu et al[24] elderly hip fracture patients’ grip strength and weakness may be 
predictive of unfavorable outcomes. Thomas et al[25] compared the effects of the various surgical schedules on health 
outcomes in hip fracture patients and showed that delaying the timing of surgery in patients with poor health status did 
not have a beneficial effect. Furthermore, there is some disagreement over the risk factors reported in various nations and 
areas. For instance, one study found that women are more likely than men to suffer hip fractures that result in poor 
outcomes[26], while another study found that male patients are more likely to experience complications from hip 
fractures[27]. This could be due to their coexistence with multiple underlying conditions and poor habits. The 
development of databases and predictive indicators is essential to improving poor patient outcomes and boosting public 
health efficiency and well-being due to the world’s and China’s growing aging populations. Our study was based on a 
Shanghai population with a mean age of 76.4 ± 12.29 years, with the highest age of patients being 100 years. In addition to 
normal blood tests and CRP, our study focused more on lymphokines and complement, which have received less 
research attention, as we believe these factors play an irreplaceable role in fracture occurrence and bone healing 
throughout.

When a hip fracture occurs, immune cells around the fracture site secrete cytokines such as pro-inflammatory IL-6, IL-
8, and anti-inflammatory IL-10[28,29], which stimulate mesenchymal stem cells (MSCs) to migrate to the fracture site and 
promote fracture repair, these lymphokines and CRP were also found to be significantly elevated in the serum of elderly 
hip fracture patients with coexisting complications[30]. Some studies have reported CRP as a major risk factor for death 
after hip fracture[17,31], this is consistent with our study that CRP is a risk factor for poor joint function. In addition, our 
finding that gender and fracture type did not correlate with hip fracture was also consistent with the finding of Yu et al
[32].

We also looked at cytokines and complements, which are less common in other Chinese hospitals, in addition to CRP. 
Furthermore, although the Harris score is frequently employed to measure hip function in patients both before and after 
surgery, it is important to investigate how it correlates with other variables because there aren’t many studies 
emphasizing the importance of inflammatory factors on joint function. C1q levels are associated with inflammation-
related and metabolic diseases[33], and hip fracture in the elderly as a fragility fracture, therefore C1q was also included 
in the study protocol, and the results showed that C1q is an independent risk factor for fair joint function after hip 
fracture surgery. In contrast, IL-10 was not found to be a risk factor for fair hip function in this study, probably because 
the timing of the appearance of each cytokine after trauma varies and IL-10 as an anti-inflammatory factor was not 
elevated to the concentration level it should be during the hospital stay.

There are some limitations to this study. Firstly, this is a single-center retrospective study with small sample size, 
potential confounding factors that may affect the clarity of the results, and the ability to detect differences between 
groups may be inadequate. However, from the beginning of the study, we set uniform standards, with two specialist 
physicians independently collecting data and checking by a senior physician to reduce study bias, although we would 
need multi-center institutions and hospitals and larger sample sizes to eliminate bias. Secondly, we only observed and 
analyzed functional activity and tests during hospitalization in elderly hip fracture patients. To better reflect the 
prognosis of the patients, we also added additional outcome factors like VAS and length of stay. However, because the 
patients’ circumstances varied and their privacy was protected, we did not investigate complications or mortality after 
discharge. It is planned that additional prospective research would be carried out in the future to examine the risk 
variables influencing hip function following surgery.

CONCLUSION
In conclusion, this study indicates several risk factors for less favourable prognosis of joint function in hip fracture 
patients, and these predictors may help alert physicians to develop rehabilitation protocols and early intervention.

ARTICLE HIGHLIGHTS
Research background
The incidence of hip fractures and postoperative complications in the elderly is increasing. With the advent of the aging 
society, addressing this public health problem is becoming a non-negligible issue. At present, while the risk factors of hip 
function recovery after hip fracture in elderly patients are subjects of recent investigation, their specific impact on 
populations with hip fractures remains relatively not investigated.

Research motivation
In elderly people with hip fractures, the relationship between various inflammatory markers and joint function remains 
to be further studied.



Wang JM et al. One year follow-up of hip fracture

WJO https://www.wjgnet.com 343 April 18, 2024 Volume 15 Issue 4

Research objectives
This study aims to reveal the potential impact of inflammation on joint function in elderly patients with hip fractures, 
which may provide new approaches for the treatment and rehabilitation of hip fractures.

Research methods
Of 119 patients with hip fractures who underwent elective surgery at Shanghai East Hospital between January 1, 2021, 
and December 31, 2022 were included in this retrospective analysis. Participants’ comprehensive clinical data, including: 
Age, sex, hypertension, diabetes, type of fracture site, surgical approach, time from injury to surgery, visual analogue 
scale score, and length of hospital stay, were collected and analyzed using statistical software. For the measurement data 
between groups, the independent samples t-test was employed, and for the count data, the chi-square test was utilised. 
To ascertain the risk factors influencing the functional limitation of the hip joint following a hip fracture, additional 
multivariate logistic regression analyses were carried out on the covariates that were statistically significant by one-way 
logistic analysis, with P < 0.05 being deemed statistically significant.

Research results
In this study involving 119 participants with an average age ≥ 75 years, there were no significant differences in age, sex, 
hypertensive disease, diabetes, fracture types, surgical approach, injury to surgery time, serum neutrophil count, and 
lymphocyte count. There were significant differences in interleukin (IL)-6, IL-8, IL-10, C-reactive protein (CRP), and 
complement C1q (C1q) between the two groups. Notably, we also looked at cytokines and complement, which have 
received relatively less attention in other hospitals in China, and these findings suggest several inflammation-related risk 
factors for fair joint function in patients with hip fractures.

Research conclusions
To sum up, CRP, IL-6, IL-8 and C1q in patients with fair hip function after surgery were significantly higher than those in 
patients with excellent hip function in our study.

Research perspectives
These results suggest that there is a certain correlation between inflammatory factors and the postoperative function of 
hip fracture, and provide a fresh approach for future research of the relationship between inflammation and joint 
function.
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Abstract
BACKGROUND 
Tranexamic acid (TXA), a synthetic antifibrinolytic drug, effectively reduces blood 
loss by inhibiting plasmin-induced fibrin breakdown. This is the first study in the 
United Kingdom to investigate the effectiveness of TXA in the surgical mana-
gement of isolated spine trauma.

AIM 
To assess the safety of TXA in isolated spine trauma. The primary and secondary 
outcomes are to assess the rate of thromboembolic events and to evaluate blood 
loss and the incidence of blood transfusion, respectively.

METHODS 
This prospective observational study included patients aged ≥ 17 years with 
isolated spine trauma requiring surgical intervention over a 6-month period at 
two major trauma centers in the United Kingdom.

RESULTS 
We identified 67 patients: 26 (39%) and 41 (61%) received and did not receive 
TXA, respectively. Both groups were matched in terms of age, gender, American 
Society of Anesthesiologists grade, and mechanism of injury. A higher proportion 
of patients who received TXA had a subaxial cervical spine injury classification or 
thoracolumbar injury classification score > 4 (74% vs 56%). All patients in the TXA 
group underwent an open approach with a mean of 5 spinal levels involved and 
an average operative time of 203 min, compared with 24 patients (58%) in the non-
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TXA group who underwent an open approach with an average of 3 spinal levels involved and a mean operative 
time of 159 min. Among patients who received TXA, blood loss was < 150 and 150–300 mL in 8 (31%) and 15 (58%) 
patients, respectively. There were no cases of thromboembolic events in any patient who received TXA.

CONCLUSION 
Our study demonstrated that TXA is safe for isolated spine trauma. It is challenging to determine whether TXA 
effectively reduces blood loss because most surgeons prefer TXA for open or multilevel cases. Further, larger 
studies are necessary to explore the rate, dosage, and mode of administration of TXA.

Key Words: Tranexamic acid; Infection; Trauma; Thromboembolic disease; Minimally invasive; Percutaneous

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Since the introduction of tranexamic acid (TXA), it has been used for reducing blood loss in various surgical 
specialties such as Urology, general surgery, trauma and orthopedics. TXA use for elective spine surgery is well documented 
but there is scarce literature to explain the safety of TXA in isolated whole spine trauma. This study looks at the clinical 
practice of spine surgeons in two major United Kingdom trauma centres and explore the safety of TXA. The study sets the 
foundation for future research with larger number of patients and to improve the clinical practice.

Citation: Zahra W, Nayar SK, Bhadresha A, Jasani V, Aftab S. Safety of tranexamic acid in surgically treated isolated spine trauma. 
World J Orthop 2024; 15(4): 346-354
URL: https://www.wjgnet.com/2218-5836/full/v15/i4/346.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i4.346

INTRODUCTION
Trauma is the foremost cause of mortality globally among individuals under the age of 45 years[1]. On a worldwide scale, 
traumatic spine injuries (TSI) are estimated to occur at a rate of 10.5 cases per 100000 people, leading to 768473 new TSI 
cases each year. Almost half of them (48.8%) require surgical intervention[2]. In the United Kingdom, traumatic spinal 
cord injuries manifest in 16 new cases per million people[3,4], with an annual report of over 1200 new cases[5].

Tranexamic acid (TXA), a synthetic antifibrinolytic drug, effectively reduces blood loss by inhibiting the plasmin-
induced breakdown of fibrin[6]. Its initial application dates back to the early 1960s for managing postpartum hemorrhage
[7]. Extensive randomized controlled trials (RCTs) and meta-analyses have consistently validated the safety and efficacy 
of TXA in various medical domains, including cardiac surgery, obstetrics, urology, orthopedics, and trauma[8-14].

Although there exists supporting evidence for the safety of TXA in elective spine procedures and complex deformity 
operations[15-18], the literature on the use of TXA in spinal operations due to trauma remains limited[19]. Furthermore, 
there is no consensus on the use and dosage of TXA in isolated spine trauma[10,9,20]. Hence, this prospective observa-
tional study marks a pioneering effort in the United Kingdom to investigate the efficacy of TXA in treating isolated spine 
trauma.

The primary objective of this study was to establish whether TXA administration increases the risk of thromboembolic 
events in patients with isolated spine trauma who underwent surgical intervention. The secondary objective was to assess 
the safety of TXA by evaluating blood loss and the incidence of perioperative blood transfusions.

MATERIALS AND METHODS
Study design
This was a prospective observational investigation conducted at two major trauma centers in United Kingdom. This 
study was registered with the local audit and quality improvement teams as a service evaluation and adhered to the 
principles of the Declaration of Helsinki, revised in 2013. The need for formal ethical review was determined using the 
National Health Service Research Ethics Committee decision tool.

Patient selection
We included patients aged ≥ 17 years who had isolated spine trauma at any level requiring surgical intervention between 
January 1 and June 31, 2022, across the two sites. Patients < 16 years of age and those with polytrauma and isolated spine 
trauma managed nonoperatively were excluded.

The sample size was calculated for two independent groups TXA and Non-TXA by using G*power software. The 
estimated sample size obtained from the power analysis was at least 50 respondents for group 1 and 50 respondents for 
group 2 respectively.

https://www.wjgnet.com/2218-5836/full/v15/i4/346.htm
https://dx.doi.org/10.5312/wjo.v15.i4.346
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Data collection
Data collection was prospectively conducted using Google Forms with a standardized proforma divided into three 
sections. Section 1 captured baseline characteristics, including demographic data, comorbidities, preoperative hemoglobin 
(Hb) levels, mechanism of injury, level of spine involvement, subaxial cervical spine injury classification (SLIC) or 
thoracolumbar injury classification (TLIC) scores, and regular medications, including antithrombotic (antiplatelet or 
anticoagulant). Section 2 focused on surgical specifics, including the type of surgery, approach, technique (open vs 
minimally invasive), administration, dosage and regimen of TXA, intraoperative blood loss, use of cell salvage, use of a 
drain, and the number of units of blood transfused intraoperatively. Section 3 assessed postoperative factors, such as 
postoperative Hb levels, length of hospital stays, and complications such as wound breakdown, venous thromboem-
bolism (VTE), acute kidney injury, and mortality.

Preoperative Hb levels were recorded on the basis of the most recent preoperative laboratory full blood count, whereas 
postoperative Hb levels were documented from the first laboratory full blood count measured postoperatively. Intraop-
erative blood loss (IBL) was defined as the total blood collected through suction, surgical sponges, and drapes at the end 
of the operation. It was categorized into four groups: < 150, 150–300, 300–500, and < 500 mL.

Statistical analysis
Quantitative data are presented as mean and standard deviation, whereas qualitative data are summarized as frequencies 
and percentages. Group comparisons used chi-squared or Fisher’s exact test and Student’s t-test, with statistical 
significance set at P value < 0.05.

RESULTS
Baseline characteristics
Between January 1 and June 31, 2022, 67 patients with isolated spine injuries underwent surgical intervention across both 
sites. These patients were categorized into two groups: those who received TXA were placed in the TXA group (n = 26, 
39%), and the remaining patients were assigned to the non-TXA group (n = 41, 61%). The average age of patients in the 
TXA and non-TXA groups was 57 and 56 years, respectively. Both groups were similar in terms of age (P = 0.9), gender (P 
= 0.2), antithrombotic usage (P = 0.6), spine pathology (P = 0.45), SLIC or TLIC score (P = 0.7), and American Society of 
Anesthesiologists grade (P = 0.48) (Table 1).

Mechanical falls were the most frequent cause of injury in both groups. Two individuals in the non-TXA group were 
hospitalized because of epileptic episodes resulting in spinal fractures. Spinal fractures were the primary underlying 
pathology in both groups. In the TXA group, four patients were regularly taking anticoagulants (apixaban), one was on 
clopidogrel, and one was on aspirin. Among the patients in the non-TXA group, three were using regular aspirin. An 
SLIC or TLIC score of > 4 was prevalent in both groups, with a higher proportion observed in the TXA group (74% vs 
56%, P = 0.7) (Table 1).

Surgical characteristics
Operative details for both groups are compared in Table 2. TXA use was relatively common (22%) during stabilization 
and fusion procedures. In the TXA group, all patients underwent open surgery, with a posterior approach used in 17 
cases (65%). Meanwhile, 17 patients (41%) in the non-TXA group underwent minimally invasive surgery. Regarding the 
number of spine levels involved, the TXA group ranged from 2 to 9 levels, with an average of 5, whereas the non-TXA 
group averaged 3.4 levels (P = 0.04). When comparing the TXA and non-TXA groups, the TXA group had significantly 
longer operation times (P = 0.03).

Outcomes
In the TXA group, 15 patients (58%) experienced blood loss between 150 and 300 mL, compared with only four patients 
(10%) in the non-TXA group (Table 3). The administration of TXA was based on the surgeons’ preferences. In the non-
TXA group, the majority (88%) of patients had blood loss of <150 mL. Cell salvage was performed twice in the TXA group 
and only once in the non-TXA group. Two patients in the non-TXA group and one in the TXA group received two units 
of platelet transfusion during surgery, following consultations with the hematology team. These patients were on aspirin 
and had low platelet counts upon admission. Regarding drain placement, 21 patients (81%) in the TXA group had drains 
inserted postoperatively, compared with 19 patients (46%) in the non-TXA group. Drains were removed within 24 h for 
most patients because of minimal blood loss.

The average hospital stay was 10 d, with no significant difference between the two groups (3 d in the non-TXA group 
vs 10 d in the TXA group, P = 0.7). This variation was primarily attributed to patients with spinal cord injuries who 
required extended hospitalization while awaiting a bed in the spine injury units (Table 3). Preoperative Hb levels showed 
no significant differences between the TXA and non-TXA groups (127.5 mL vs 136.7 mL; range 8–15.9 g/dL vs 9–18 g/dL, 
P = 0.5) (Figure 1).

Table 4 shows regression model investigating the association between the dependent variable and three predictors: 
Estimated intraoperative blood loss, blood loss in drain, and TXA. The total model has a modest positive correlation (R = 
0.338) and accounts for roughly 11.4% of the variability in the dependent variable, as shown by R square. The adjusted R 
square, accounting for the number of predictors, is 0.072. The estimate's standard error is 1.337, indicating the model's 
forecast precision.
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Table 1 Baseline characteristics, n (%)

Groups TXA group (n = 26) Non-TXA group (n = 41) P value

Demographics

    Number of patients 26 41

    Mean age (yr) 57 56 0.9

    Male 15 (58) 26 (63)

    Female 11 (42) 15 (36)

0.2

Regular use of antithrombotic

    Yes 6 (23) 3 (7)

    No 20 (77) 38 (93)

0.6

Mechanism of injury

    RTA 5 (19) 4 (10)

    Fall 18 (69) 34 (83)

    Other (eizures, trauma) 3 (7) 3 (7)

0.45

Spine pathology

    Spinal fracture 23 (88) 37 (90)

    Spinal cord injury 3 (11) 3 (10)

0.45

SLIC/TLIC score 

    0-3 2 (7.6) 3 (7)

    4 3 (11) 14 (34)

    > 4 19 (74) 23 (56)

0.7

    Not applicable 2 (7.6) 1 (2)

ASA grades

    Grade 4 1 (4) 3 (7)

    Grade 3 9 (35) 8 (19)

    Grade 2 8 (30.6) 21 (51)

    Grade 1 8 (30.6) 9 (22)

0.48

ASA: American Society of Anesthesiologists; RTA: Road traffic accidents; SLIC: Subaxial cervical spine injury classification; TLIC: Thoracolumbar injury 
classification; TXA: Tranexamic acid.

Only one patient in the TXA group received a postoperative blood transfusion because of a substantial drop in Hb 
from 112 to 76. This patient underwent a three-level decompression and stabilization procedure, received TXA on 
induction, and was not on any antithrombotic medication. In the non-TXA group, one patient experienced a posto-
perative drop in Hb from 110 to 95 and was managed with an iron transfusion.

Postoperative complications
In the TXA group, 14 patients (53.8%) did not experience any complications. The most common complication in this 
group was chest infection. Two patients tested positive for coronavirus disease 2019 (COVID-19) during their hospital 
stay. One patient later developed hospital-acquired pneumonia (HAP). Four other patients developed HAP, one of whom 
required intensive care support for noninvasive ventilation. Additionally, one patient developed type 2 respiratory 
failure but was deemed unfit for further interventions. Wound infections were observed in three patients, two of whom 
were managed using antibiotics and regular monitoring, whereas one required further wound washout in the operating 
theater. One patient experienced unstable liver function tests postoperatively, and the cause remained unidentified. No 
thromboembolic events were reported in the TXA group. However, one patient with an incomplete spine injury passed 
away postoperatively because of cardiovascular complications.

In the non-TXA group, two patients were diagnosed with pulmonary embolisms confirmed by computed tomography 
pulmonary angiograms, and one patient experienced non-ST segment elevation myocardial infarction during their 
hospital stay. Two patients in this group tested positive for COVID-19, and three developed pneumonia during admi-
ssion. Three patients had renal complications, one of whom required an high-dependency unit stay. Additionally, two 
patients experienced postoperative electrolyte imbalances, necessitating medical intervention. Three patients underwent a 
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Table 2 Surgery characteristics, n (%)

Surgery characteristics TXA group (n = 26) Non-TXA group (n = 41) P value

Type of operation

    Corpectomy + fusion 2 (7.6) 1 (2)

    Stabilization 6 (23) 24 (58)

    Decompression 1 (4) 0

    Fusion 1 (4) 1 (2)

    Stabilization + fusion 6 (23) 0

    Decompression + fusion 7 (27) 9 (22)

    Decompression + stabilization 3 (11) 6 (14)

Approach

    Open 26 (100) 24 (58) 0.04

    Minimally invasive 0 17 (41)

Type of approach

    Anterior 8 (31) 8 (19)

    Posterior 17 (65) 32 (78)

    Both 1 (4) 1 (2)

0.4

Levels involved 4.6 (2-9) 1.4 (1–7) 0.02

Duration of surgery (min) 203 (120–428) 159 (48–540) 0.03

TXA: Tranexamic acid.

Table 3 Comparison of outcomes between the tranexamic acid and non-tranexamic acid groups, n (%)

Outcomes TXA group (n = 26) Non-TXA group (n = 41) P value

Intraoperative blood loss

    < 150 mL 8 (31) 36 (88) 0.03

    150-300 mL 15 (58) 4 (10)

    300-500 mL 3 (11) 1 (2)

    Intraoperative cell salvage 2 (7.6) 1 (2)

    Intra-operative transfusion 1 (4) 2 (5)

    Drain inserted 21 (81) 19 (46)

Time of drain removal

    24 h 11 (42) 14 (34) 0.002

    48 h 9 (35) 5 (12)

    > 48 h 1 (4) 0

Admittance to discharge (d) 10 3 0.7

TXA: Tranexamic acid.

second operation: two for revision of screws on postoperative day 1 because both patients experienced altered neurology 
due to screws in the spinal cord. Another patient had wound dehiscence, necessitating further debridement and closure. 
On postoperative day 3, one patient in the non-TXA group developed headaches, photophobia, dizziness, and tinnitus 
after a suspected cerebrospinal fluid leak. This patient was thoroughly evaluated by the neurology team and conser-
vatively managed. Another patient had a localized hematoma that was conservatively treated following anterior cervical 
decompression and fusion. There was no reported mortality in the non-TXA group.
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Table 4 Regression analysis

Model R R square Adjusted R square Std. Error of the estimate

1 0.3381 0.114 0.072 1.337

1Predictors: Constant, estimated intraoperative blood loss, blood loss in drain, tranexamic acid.

Figure 1 Comparison of pre- and day 1 post-op hemoglobin in both groups. Hb: Hemoglobin; TXA: Tranexamic acid.

DISCUSSION
This study represents the first reported investigation into the effectiveness of TXA in cases of isolated whole-spine trau-
ma. The administration of TXA was based on surgeons’ preferences, with a tendency toward open surgical approaches 
associated with higher anticipated intraoperative blood loss, particularly in cases of severe injuries, multilevel 
involvement, and in patients on regular antithrombotic medications. Notably, no thrombotic complications were reported 
intraoperatively in the TXA group, indicating the safety of TXA use in isolated spine trauma cases. Furthermore, only one 
patient required postoperative blood transfusion. In our study, we did not find any significant difference in the patients’ 
groups in terms of gender or ethnicity.

This study serves as a preliminary exploration of the potential use of TXA in isolated spine injuries. Multiple RCTs 
have previously demonstrated the efficacy of TXA in elective spine surgery[9] and thoracolumbar burst fractures[21]. 
These trials have shown a reduction in intraoperative and total blood loss in patients with TXA. However, there remains 
a lack of consensus in the literature regarding the optimal TXA administration regimen[15]. The literature indicates that 
TXA can be administered in various forms, including intravenously and topically or as an infusion. A meta-analysis by 
Xiong et al[16] reported no significant difference in outcomes between intravenous and topical TXA administration. In 
this study, the choice of TXA administration regimen was left to the surgeons’ preferences, with 1 g of intravenous TXA 
administered upon induction in the TXA group.

Interestingly, in our study, we observed that surgeons did not use TXA for two-level cervical decompressions and 
fusions, which could be due to the expectation of lower blood loss in cervical procedures and aligns with the findings of 
an RCT by Elwatidy et al[22], who found no significant difference in blood loss with TXA use in cervical operations. 
However, in our study, the TXA group included cases involving multiple cervical spine levels (3–6) for fusion and 
decompression, where TXA was deemed necessary because of a higher risk of bleeding when multiple levels were 
involved. There are limited available data on the use of TXA in isolated cervical spine trauma. A prospective, randomized 
study on three cervical spine levels reported a significant reduction in blood loss during cervical laminoplasty surgery 
using TXA[23]. Our study found no significant difference in the number of levels operated on between the two groups, 
which contradicts the findings of Colomina et al[9] in elective settings. Individual data indicate that surgeons tend to 
prefer an open technique for decompression and stabilization surgeries involving more than three levels. There is also 
limited literature available regarding the use of TXA in open vs minimally invasive spine surgery approaches. In our 
study, TXA was administered for cases performed via an open approach but not for minimally invasive surgery, 
consistent with cases where blood loss was < 150 mL in two-level fracture fixations, and patients did not require a drain 
or experience postoperative issues. Despite the variability in levels involved in the TXA group, our investigation 
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identified a significant difference (P = 0.03) in the duration of surgery between the two groups, aligning with the findings 
of Shen et al[21] for thoracolumbar burst fractures and elective spine operations[9].

An increasing number of meta-analyses of RCTs have emphasized the blood-saving effects of TXA in spine surgery
[24]. Shen et al[21] demonstrated a significant reduction in blood loss in the TXA group of 39 patients undergoing surgery 
for thoracolumbar burst fractures compared with the placebo group. They reported reductions in total blood loss, IBL, 
and postoperative blood loss in the TXA group (P = 0.001), whereas hidden blood loss (HBL) remained similar between 
the TXA and placebo groups (P = 0.08). HBL was calculated using a formula rather than a direct measurement[21]. These 
findings contrast with an earlier study by Sudprasert et al[19], who found no significant difference (P = 0.8) in a cohort of 
29 patients with thoracolumbar trauma undergoing posterior fusion and receiving topical TXA. Our findings align with 
the results of Sudprasert et al[19] because we found no significant reduction in IBL in the two groups. Zhang et al[25] 
conducted a meta-analysis of 11 studies involving multilevel elective spine surgery in 2019 and reported that intravenous 
TXA effectively reduced IBL. In contrast, Elmose et al[26] found that intravenous TXA had no statistically significant 
impact on IBL, operative time, or complications during minor lumbar spine surgery. We understand that all these studies 
show variation in results and lack consensus on the usage of TXA in spinal patients. Additional research is warranted to 
better understand the use of TXA in spine trauma cases.

In our study, two patients in the TXA group received cell salvage, and platelets were transfused intraoperatively. One 
patient also required a blood transfusion during surgery. These findings are consistent with a meta-analysis of seven 
studies conducted by Yang et al[15] and the results reported by Sudprasert et al[19] for thoracolumbar trauma. Multiple 
studies[15,19,21,27] have shown a significant decrease in drain blood loss and the average time to drain removal. 
However, our study did not identify any difference in the time for drain removal, which may be attributed to the fact that 
patients in the TXA group underwent multilevel spine surgery, leading to the surgeon’s preference for keeping the drain. 
To date, there has been limited research on postoperative Hb levels. Our study found no significant difference in Hb 
levels before the operation and on day 1 Hb level postoperative.

Limitations
This study has subject to several limitations. Data were collected over 6 months, resulting in a sample size of 67 patients. 
The exclusion of patients with missing data introduced some heterogeneity into the study, including variations in spine 
levels and diverse surgical techniques performed by approximately 15 different surgeons across two distinct centers. As 
an observational study, it carries inherent confounding risks when patients who received TXA are compared with those 
who did not, given the absence of randomization. Factors such as the type of surgery, surgical approach, levels, preo-
perative Hb levels, and the operating surgeon could introduce confounding effects. The use of TXA was at the discretion 
of the surgeons, typically for patients at a high risk of bleeding or undergoing multilevel surgery.

There could be a potential for inaccuracy of the first postoperative Hb value; the results may be affected by intravenous 
crystalloid-induced hemodilution during the intraoperative period. Instead of precise IBL values, we categorized the data 
into four distinct ranges, accounting for blood loss through surgical sponges and drapes. Data on blood loss in the drain 
were not collected for all patients, which contributed to the limitation.

When assessing the postoperative risks of VTE during the hospital stay, we considered the intraoperative adminis-
tration of both mechanical and chemical thromboprophylaxis. This study included patients who regularly used antith-
rombotic medications but did not provide information regarding the duration of medication use or whether it was dis-
continued before surgery.

CONCLUSION
Our study indicates that TXA can be safely used in cases of isolated spine trauma, with no evidence of an elevated risk of 
blood transfusion or VTE in either group. However, it is challenging to definitively conclude from this study whether 
TXA effectively reduces blood loss because TXA was predominantly used in open or multilevel surgical cases. To 
establish the full extent of the efficacy of TXA in isolated spine trauma, further research is warranted to compare its effect-
iveness across open vs minimally invasive techniques and in cases involving single vs multilevel procedures.

ARTICLE HIGHLIGHTS
Research background
There is no data looking at safety of the tranexamic acid (TXA) in the surgical management of isolated whole spine 
trauma. This study sets the foundation for the future research work.

Research motivation
This is the only study looking at the safety of TXA in surgically treated isolated whole spine trauma. There is no 
consensus on the administration, dosage and route of TXA delivered for these injuries.

Research objectives
The overall objective of this study is to look at the safety of the TXA in surgically treated isolated whole spine trauma.
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Research methods
This prospective observational study included patients aged ≥ 17 years with isolated spine trauma requiring surgical 
intervention over a 6-month period at two major trauma centers in the United Kingdom. We used SPSS for statistical 
analysis.

Research results
We identified 67 patients: 26 (39%) and 41 (61%) received and did not receive TXA, respectively. Both groups were 
matched in terms of age, gender, American Society of Anesthesiologists grade, and mechanism of injury. A higher 
proportion of patients who received TXA had a subaxial cervical spine injury classification or thoracolumbar injury classi-
fication score > 4 (74% vs 56%). All patients in the TXA group underwent an open approach with a mean of 5 spinal levels 
involved and an average operative time of 203 min, compared with 24 patients (58%) in the non-TXA group who 
underwent an open approach with an average of 3 spinal levels involved and a mean operative time of 159 min. Among 
patients who received TXA, blood loss was < 150 and 150–300 mL in 8 (31%) and 15 (58%) patients, respectively. There 
were no cases of thromboembolic events in any patient who received TXA.

Research conclusions
We concluded that TXA is safe for isolated spine trauma. It is challenging to determine whether TXA effectively reduces 
blood loss because most surgeons prefer TXA for open or multilevel cases.

Research perspectives
This study sets the foundation for further research trials in patients with isolated spine trauma managed with surgical 
intervention.

FOOTNOTES
Author contributions: Zahra W, Nayar SK, and Bhadresha A contributed to data collection; Zahra W and Nayar SK contributed to data 
analysis; Jasani V and Aftab S contributed to supervision; Zahra W, Jasani V and Aftab S contributed to project idea; Zahra W 
contributed to writing the manuscript and literature review; Nayar SK contributed to review the manuscript; Jasani V and Aftab S 
contributed to overall supervision.

Institutional review board statement: The project is reviewed and registered with the audit registration team of Royal Stoke University 
Hospital (No: CA44/21).

Informed consent statement: Informed written consent was obtained from the patients.

Conflict-of-interest statement: We certify that there is no conflict of interest related to the manuscript.

Data sharing statement: Consent was not obtained but the presented data are anonymized.

STROBE statement: The authors have read the STROBE statement, and the manuscript was prepared and revised according to the 
STROBE statement.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: United Kingdom

ORCID number: Wajiha Zahra 0000-0002-9813-0414.

S-Editor: Zhang H 
L-Editor: A 
P-Editor: Zhao YQ

REFERENCES
1 Sakran JV, Greer SE, Werlin E, McCunn M. Care of the injured worldwide: trauma still the neglected disease of modern society. Scand J 

Trauma Resusc Emerg Med 2012; 20: 64 [PMID: 22980446 DOI: 10.1186/1757-7241-20-64]
2 Kumar R, Lim J, Mekary RA, Rattani A, Dewan MC, Sharif SY, Osorio-Fonseca E, Park KB. Traumatic Spinal Injury: Global Epidemiology 

and Worldwide Volume. World Neurosurg 2018; 113: e345-e363 [PMID: 29454115 DOI: 10.1016/j.wneu.2018.02.033]
McCaughey EJ, Purcell M, McLean AN, Fraser MH, Bewick A, Borotkanics RJ, Allan DB. Changing demographics of spinal cord injury over 
a 20-year period: a longitudinal population-based study in Scotland. Spinal Cord 2016; 54: 270-276 [PMID: 26458974 DOI: 

3

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-9813-0414
http://orcid.org/0000-0002-9813-0414
http://www.ncbi.nlm.nih.gov/pubmed/22980446
https://dx.doi.org/10.1186/1757-7241-20-64
http://www.ncbi.nlm.nih.gov/pubmed/29454115
https://dx.doi.org/10.1016/j.wneu.2018.02.033
http://www.ncbi.nlm.nih.gov/pubmed/26458974


Zahra W et al. TXA in surgically treated isolated spine trauma

WJO https://www.wjgnet.com 354 April 18, 2024 Volume 15 Issue 4

10.1038/sc.2015.167]
4 NICE.   Spinal injury: assessment and initial management. Clinical guideline. London: National Institute for Health and Care Excellence; 2015
5 McDaid D, Park AL, Gall A, Purcell M, Bacon M. Understanding and modelling the economic impact of spinal cord injuries in the United 

Kingdom. Spinal Cord 2019; 57: 778-788 [PMID: 31086273 DOI: 10.1038/s41393-019-0285-1]
6 Mannucci PM. Hemostatic drugs. N Engl J Med 1998; 339: 245-253 [PMID: 9673304 DOI: 10.1056/NEJM199807233390407]
7 Tengborn L, Blombäck M, Berntorp E. Tranexamic acid--an old drug still going strong and making a revival. Thromb Res 2015; 135: 231-242 

[PMID: 25559460 DOI: 10.1016/j.thromres.2014.11.012]
8 Henry DA, Carless PA, Moxey AJ, O'Connell D, Stokes BJ, Fergusson DA, Ker K. Anti-fibrinolytic use for minimising perioperative 

allogeneic blood transfusion. Cochrane Database Syst Rev 2011; 2011: CD001886 [PMID: 21412876 DOI: 
10.1002/14651858.CD001886.pub4]

9 Colomina MJ, Koo M, Basora M, Pizones J, Mora L, Bagó J. Intraoperative tranexamic acid use in major spine surgery in adults: a 
multicentre, randomized, placebo-controlled trial†. Br J Anaesth 2017; 118: 380-390 [PMID: 28203735 DOI: 10.1093/bja/aew434]

10 Zufferey P, Merquiol F, Laporte S, Decousus H, Mismetti P, Auboyer C, Samama CM, Molliex S. Do antifibrinolytics reduce allogeneic blood 
transfusion in orthopedic surgery? Anesthesiology 2006; 105: 1034-1046 [PMID: 17065899 DOI: 10.1097/00000542-200611000-00026]

11 Sukeik M, Alshryda S, Haddad FS, Mason JM. Systematic review and meta-analysis of the use of tranexamic acid in total hip replacement. J 
Bone Joint Surg Br 2011; 93: 39-46 [PMID: 21196541 DOI: 10.1302/0301-620X.93B1.24984]

12 Tan J, Chen H, Liu Q, Chen C, Huang W. A meta-analysis of the effectiveness and safety of using tranexamic acid in primary unilateral total 
knee arthroplasty. J Surg Res 2013; 184: 880-887 [PMID: 23643299 DOI: 10.1016/j.jss.2013.03.099]

13 Roberts I, Shakur H, Coats T, Hunt B, Balogun E, Barnetson L, Cook L, Kawahara T, Perel P, Prieto-Merino D, Ramos M, Cairns J, Guerriero 
C. The CRASH-2 trial: a randomised controlled trial and economic evaluation of the effects of tranexamic acid on death, vascular occlusive 
events and transfusion requirement in bleeding trauma patients. Health Technol Assess 2013; 17: 1-79 [PMID: 23477634 DOI: 
10.3310/hta17100]

14 CRASH-3 trial collaborators. Effects of tranexamic acid on death, disability, vascular occlusive events and other morbidities in patients with 
acute traumatic brain injury (CRASH-3): a randomised, placebo-controlled trial. Lancet 2019; 394: 1713-1723 [PMID: 31623894 DOI: 
10.1016/S0140-6736(19)32233-0]

15 Yang B, Li H, Wang D, He X, Zhang C, Yang P. Systematic review and meta-analysis of perioperative intravenous tranexamic acid use in 
spinal surgery. PLoS One 2013; 8: e55436 [PMID: 23424632 DOI: 10.1371/journal.pone.0055436]

16 Xiong Z, Liu J, Yi P, Wang H, Tan M. Comparison of Intravenous versus Topical Tranexamic Acid in Nondeformity Spine Surgery: A Meta-
Analysis. Biomed Res Int 2020; 2020: 7403034 [PMID: 32219141 DOI: 10.1155/2020/7403034]

17 Walterscheid Z, O'Neill C, Carmouche J. Tranexamic acid in adult elective orthopaedic and complex spinal surgery: A review. Surg Rehabil 
2017; 1 [DOI: 10.15761/SRJ.1000104]

18 Slattery C, Kark J, Wagner T, Verma K. The Use of Tranexamic Acid to Reduce Surgical Blood Loss: A Review Basic Science, Subspecialty 
Studies, and The Evolution of Use in Spine Deformity Surgery. Clin Spine Surg 2019; 32: 46-50 [PMID: 30789494 DOI: 
10.1097/BSD.0000000000000808]

19 Sudprasert W, Tanaviriyachai T, Choovongkomol K, Jongkittanakul S, Piyapromdee U. A Randomized Controlled Trial of Topical 
Application of Tranexamic Acid in Patients with Thoracolumbar Spine Trauma Undergoing Long-Segment Instrumented Posterior Spinal 
Fusion. Asian Spine J 2019; 13: 146-154 [PMID: 30347526 DOI: 10.31616/asj.2018.0125]

20 Yu CC, Fidai M, Washington T, Bartol S, Graziano G. Oral Is as Effective as Intravenous Tranexamic Acid at Reducing Blood Loss in 
Thoracolumbar Spinal Fusions: A Prospective Randomized Trial. Spine (Phila Pa 1976) 2022; 47: 91-98 [PMID: 34224510 DOI: 
10.1097/BRS.0000000000004157]

21 Shen J, Yang Z, Fu M, Hao J, Jiang W. The influence of topical use of tranexamic acid in reducing blood loss on early operation for 
thoracolumbar burst fracture: a randomized double-blinded controlled study. Eur Spine J 2021; 30: 3074-3080 [PMID: 33231778 DOI: 
10.1007/s00586-020-06626-x]

22 Elwatidy S, Jamjoom Z, Elgamal E, Zakaria A, Turkistani A, El-Dawlatly A. Efficacy and safety of prophylactic large dose of tranexamic acid 
in spine surgery: a prospective, randomized, double-blind, placebo-controlled study. Spine (Phila Pa 1976) 2008; 33: 2577-2580 [PMID: 
19011538 DOI: 10.1097/BRS.0b013e318188b9c5]

23 Tsutsumimoto T, Shimogata M, Ohta H, Yui M, Yoda I, Misawa H. Tranexamic acid reduces perioperative blood loss in cervical 
laminoplasty: a prospective randomized study. Spine (Phila Pa 1976) 2011; 36: 1913-1918 [PMID: 21289587 DOI: 
10.1097/BRS.0b013e3181fb3a42]

24 Yoo JS, Ahn J, Karmarkar SS, Lamoutte EH, Singh K. The use of tranexamic acid in spine surgery. Ann Transl Med 2019; 7: S172 [PMID: 
31624738 DOI: 10.21037/atm.2019.05.36]

25 Zhang Y, Liu H, He F, Chen A, Yang H, Pi B. Does Tranexamic Acid Improve Bleeding, Transfusion, and Hemoglobin Level in Patients 
Undergoing Multilevel Spine Surgery? A Systematic Review and Meta-Analysis. World Neurosurg 2019; 127: 289-301 [PMID: 30862591 
DOI: 10.1016/j.wneu.2019.02.170]

26 Elmose S, Andersen MØ, Andresen EB, Carreon LY. Double-blind, randomized controlled trial of tranexamic acid in minor lumbar spine 
surgery: no effect on operative time, intraoperative blood loss, or complications. J Neurosurg Spine 2019; 1-7 [PMID: 30978683 DOI: 
10.3171/2019.1.SPINE1814]

27 Yan L, Yang H, Jiang H, Yu M, Tan J, Su T, Xu G. Impact of the Tranexamic Acid on Bleeding Amount of Surgical Patient With 
Degenerative Spinal Disease: A Randomized Blinded Study. Front Surg 2021; 8: 655692 [PMID: 34778351 DOI: 10.3389/fsurg.2021.655692]

https://dx.doi.org/10.1038/sc.2015.167
http://www.ncbi.nlm.nih.gov/pubmed/31086273
https://dx.doi.org/10.1038/s41393-019-0285-1
http://www.ncbi.nlm.nih.gov/pubmed/9673304
https://dx.doi.org/10.1056/NEJM199807233390407
http://www.ncbi.nlm.nih.gov/pubmed/25559460
https://dx.doi.org/10.1016/j.thromres.2014.11.012
http://www.ncbi.nlm.nih.gov/pubmed/21412876
https://dx.doi.org/10.1002/14651858.CD001886.pub4
http://www.ncbi.nlm.nih.gov/pubmed/28203735
https://dx.doi.org/10.1093/bja/aew434
http://www.ncbi.nlm.nih.gov/pubmed/17065899
https://dx.doi.org/10.1097/00000542-200611000-00026
http://www.ncbi.nlm.nih.gov/pubmed/21196541
https://dx.doi.org/10.1302/0301-620X.93B1.24984
http://www.ncbi.nlm.nih.gov/pubmed/23643299
https://dx.doi.org/10.1016/j.jss.2013.03.099
http://www.ncbi.nlm.nih.gov/pubmed/23477634
https://dx.doi.org/10.3310/hta17100
http://www.ncbi.nlm.nih.gov/pubmed/31623894
https://dx.doi.org/10.1016/S0140-6736(19)32233-0
http://www.ncbi.nlm.nih.gov/pubmed/23424632
https://dx.doi.org/10.1371/journal.pone.0055436
http://www.ncbi.nlm.nih.gov/pubmed/32219141
https://dx.doi.org/10.1155/2020/7403034
https://dx.doi.org/10.15761/SRJ.1000104
http://www.ncbi.nlm.nih.gov/pubmed/30789494
https://dx.doi.org/10.1097/BSD.0000000000000808
http://www.ncbi.nlm.nih.gov/pubmed/30347526
https://dx.doi.org/10.31616/asj.2018.0125
http://www.ncbi.nlm.nih.gov/pubmed/34224510
https://dx.doi.org/10.1097/BRS.0000000000004157
http://www.ncbi.nlm.nih.gov/pubmed/33231778
https://dx.doi.org/10.1007/s00586-020-06626-x
http://www.ncbi.nlm.nih.gov/pubmed/19011538
https://dx.doi.org/10.1097/BRS.0b013e318188b9c5
http://www.ncbi.nlm.nih.gov/pubmed/21289587
https://dx.doi.org/10.1097/BRS.0b013e3181fb3a42
http://www.ncbi.nlm.nih.gov/pubmed/31624738
https://dx.doi.org/10.21037/atm.2019.05.36
http://www.ncbi.nlm.nih.gov/pubmed/30862591
https://dx.doi.org/10.1016/j.wneu.2019.02.170
http://www.ncbi.nlm.nih.gov/pubmed/30978683
https://dx.doi.org/10.3171/2019.1.SPINE1814
http://www.ncbi.nlm.nih.gov/pubmed/34778351
https://dx.doi.org/10.3389/fsurg.2021.655692


WJO https://www.wjgnet.com 355 April 18, 2024 Volume 15 Issue 4

World Journal of 

OrthopedicsW J O
Submit a Manuscript: https://www.f6publishing.com World J Orthop 2024 April 18; 15(4): 355-362

DOI: 10.5312/wjo.v15.i4.355 ISSN 2218-5836 (online)

ORIGINAL ARTICLE

Prospective Study

Long-term assessment of collagenase treatment for Dupuytren’s 
contracture: A 10-year follow-up study

Marco Passiatore, Vitale Cilli, Adriano Cannella, Ludovico Caruso, Giulia Maria Sassara, Giuseppe Taccardo, 
Rocco De Vitis

Specialty type: Orthopedics

Provenance and peer review: 
Invited article; Externally peer 
reviewed

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Sanjuan-Cervero R, 
Spain

Received: December 31, 2023 
Peer-review started: December 31, 
2023 
First decision: January 16, 2024 
Revised: January 30, 2024 
Accepted: March 18, 2024 
Article in press: March 18, 2024 
Published online: April 18, 2024

Marco Passiatore, Department of Bone and Joint Surgery, ASST-Spedali Civili, Brescia 25123, 
Italy

Vitale Cilli, Department of Chirurgie de la Main, Centre Hospitalier Interregional Edith Cavell, 
Bruxelles 1160, Belgium

Adriano Cannella, Ludovico Caruso, Giulia Maria Sassara, Giuseppe Taccardo, Rocco De Vitis, 
Department of Orthopedics, Fondazione Policlinico Universitario Agostino Gemelli IRCSS, 
Rome 00168, Italy

Corresponding author: Rocco De Vitis, MD, Additional Professor, Surgeon, Department of 
Orthopedics, Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Unità Operativa 
Complessa di Chirurgia della mano, Università Cattolica del Sacro Cuore, Largo Agostino 
Gemelli, 8, Roma 00168, Italy. roccodevitis@yahoo.com

Abstract
BACKGROUND 
Enzymatic fasciotomy with collagenase clostridium histolyticum (CCH) has 
revolutionized the treatment for Dupuytren’s contracture (DC). Despite its 
benefits, the long-term outcomes remain unclear. This study presented a compre-
hensive 10-year follow-up assessment of the enduring effects of CCH on patients 
with DC.

AIM 
To compare the short-term (12 wk) and long-term (10 years) outcomes on CCH 
treatment in patients with DC.

METHODS 
A cohort of 45 patients was treated with CCH at the metacarpophalangeal (MCP) 
joint and the proximal interphalangeal (PIP) joint and underwent systematic re-
evaluation. The study adhered to multicenter trial protocols, and assessments 
were conducted at 12 wk, 7 years, and 10 years post-surgery.

RESULTS 
Thirty-seven patients completed the 10-year follow-up. At 10 years, patients 
treated at the PIP joint exhibited a 100% recurrence. However, patients treated at 
the MCP joint only showed a 50% recurrence. Patient satisfaction varied, with a 

https://www.f6publishing.com
https://dx.doi.org/10.5312/wjo.v15.i4.355
mailto:roccodevitis@yahoo.com


Passiatore M et al. 10-year follow-up of collagenase in Dupuytren

WJO https://www.wjgnet.com 356 April 18, 2024 Volume 15 Issue 4

lower satisfaction reported in PIP joint cases. Recurrence exceeding 20 degrees on the total passive extension deficit 
was observed, indicating a challenge for sustained efficacy. Significant differences were noted between outcomes at 
the 7-year and 10-year intervals.

CONCLUSION 
CCH demonstrated sustained efficacy when applied to the MCP joint. However, caution is warranted for CCH 
treatment at the PIP joint due to a high level of recurrence and low patient satisfaction. Re-intervention is needed 
within a decade of treatment.

Key Words: Collagenase; Xiapex; Dupuytren disease; Dupuytren recurrence; Long term follow-up

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Collagenase has shown efficacy in the treatment of Dupuytren’s contracture (DC). While its short-term effect-
iveness is well-documented in the existing literature, there is an absence of studies addressing the long-term outcomes of 
collagenase treatment of DC. The objectives of this study were to compare the short-term and long-term (10 years) outcomes 
and to assess the satisfaction with the treatment in 45 subjects enrolled in a phase 3 study in 2012.

Citation: Passiatore M, Cilli V, Cannella A, Caruso L, Sassara GM, Taccardo G, De Vitis R. Long-term assessment of collagenase 
treatment for Dupuytren’s contracture: A 10-year follow-up study. World J Orthop 2024; 15(4): 355-362
URL: https://www.wjgnet.com/2218-5836/full/v15/i4/355.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i4.355

INTRODUCTION
Patients with Dupuytren’s contracture (DC), also known as palmar fibromatosis, experienced a significant breakthrough 
for treatment in the early 21st century. This advancement was marked by the introduction of the enzymatic fasciotomy 
technique, which is a novel approach involving the infiltration of the fibrous cord with collagenase derived from 
collagenase clostridium histolyticum (CCH)[1-5]. In contrast to traditional surgical procedures, enzymatic fasciotomy is a 
less invasive alternative[5-11]. However, the long-term outcomes of this innovative technique are unknown due to its 
recent introduction and the scarcity of studies with extended follow-up periods[6-9,12-18].

There is a growing trend of re-assessing patients who underwent enzyme fasciotomy[5]. Notably, it has been observed 
that some individuals treated with this technique have not experienced sustained long-term benefits. In 2012, our 
institution enrolled 45 patients into a phase 3 study to receive CCH for the treatment of DC with palpable cord manifest-
ations. A comprehensive 7-year follow-up revealed a recurrence of the disease, particularly among patients who were 
treated at the proximal interphalangeal (PIP) joint. Additionally, there was evidence of recurrence in patients who were 
treated at the metacarpophalangeal (MCP) joint[6]. The aim of this study was to compare the outcomes observed at 12 wk 
post-treatment with those documented over a 10-year follow-up period.

MATERIALS AND METHODS
This study was part of a multicenter trial aligned with the Ministry of Health Decree of May 8, 2003 and was carried out 
at the Unit of Orthopaedics and Surgery of the Hand at the Fondazione Policlinico Universitario A. Gemelli IRCCS in 
Rome (Ethics Committee Protocol P/488-857-872-1041-1113/CE/2012)[3]. Initiated in January 2012, the study involved 45 
patients receiving CCH injection for the treatment of DC with palpable cord manifestations. The primary focus was to 
evaluate the long-term (10 years) clinical outcomes following CCH treatment in individuals diagnosed with DC.

Inclusion and exclusion criteria
The inclusion and exclusion criteria of the prospective study are listed in Table 1. Within the framework of the present 
investigation, all individuals who had been previously subjected to a comprehensive review during the 7-year follow-up 
were systematically contacted. Those re-examined at 10 years after treatment underwent assessments encompassing both 
goniometric and clinical parameters.

Treatment
The surgery procedure was conducted by experienced hand surgeons injecting the appropriate drug quantity into the 
affected cords. A sterile dressing was applied, and patients were told to refrain from finger extension. The following day, 
a forced extension disrupted the pathologic cord, and a thermoplastic splint was applied for 7 d continuously followed by 
12 h each day for an additional 7 d. Evaluations were conducted before treatment and 7 d after the procedure by the 
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Table 1 Inclusion and exclusion criteria of the prospective study

Inclusion criteria Exclusion criteria

DC with a PED of at least 20° at MCPJ and any degree at PIPJ Breastfeeding or pregnant (or planning to be) during the treatment 
phase

No oral anticoagulant therapy; patient in therapy with anti-platelet drugs (discon-
tinued for at least 7 d before treatment)

Undergoing any treatment of the affected hand up to 90 d prior to 
commencement of the trial

Positive table-top test (a patient fails to lay the palm of the hand and the fingers flat 
on a table surface)

Known systemic hypersensitivity to collagenase or any of the other 
components of the product

TPED ≥ 45° (that is greater than or equal to the second stage according to the 
Tubiana-Michon classification)

Presence of other psychiatric or organic conditions that could 
jeopardize the patient’s compliance

Palpable cord

Informed consent from the patient

Consent for examination according to the plan

DC: Dupuytren’s contracture; PED: Passive extension deficit; MCPJ: Metacarpophalangeal joint; PIPJ: Proximal interphalangeal joint; TPED: Total passive 
extension deficit.

surgeon and a physiotherapist. The 10-year follow-up was conducted by the same treating surgeon.

Data collection and follow-up
Passive extension deficit (PED) and total PED (TPED) measurements were recorded before treatment and 12 wk, 7 years, 
and 10 years after treatment. Additionally, the recurrence rate of the disease at 7 years after treatment was assessed. 
Recurrence was characterized as a postoperative angular deformity exceeding 20° in at least one of the treated joints 
accompanied by the presence of a detectable cord[10,11]. Recurrence could be accompanied by a loss of hand function 
necessitating further intervention. The overall satisfaction of participants was appraised using a 10-point scale known as 
the general satisfaction index administered during the 10-year follow-up visit.

In light of recent advancements in patient-reported outcome measures, our patients underwent evaluation utilizing the 
Michigan Hand Questionnaire (MHQ) and the Unité Rhumatologique des Affections de la Main Scale (URAM Scale)[19,
20].

End points
The primary endpoint of the study was assessment of the long-term efficacy and the occurrence of significant disease 
recurrence at the 10-year follow-up. The secondary outcomes included evaluating sustained functionality at the 7-year 
follow-up and assessing general satisfaction with the received treatment.

Statistical analysis
The presented data encompassed mean values and standard deviations, with precision limited to a single decimal digit. 
Parametric data were subjected to comparative analysis using the Student’s t test, while non-parametric data underwent 
analysis via the Mann-Whitney test or Wilcoxon test. Significance levels were set at P < 0.05. The statistical analyses were 
conducted using GraphPad Software Prism 8 for Mac (La Jolla, CA, United States).

RESULTS
For the initial study, 45 patients (38 males and 7 females) were enrolled. At the 7-year follow-up, 3 patients required 
surgical treatment before completing the established follow-up due to an unsatisfactory clinical result. Two patients died 
and did not complete the 7-year follow-up assessment. At the 10-year follow-up, an additional 2 patients did not com-
plete the assessment. Therefore, 37 patients were included in the current study. Patients were categorized by treatment in 
the MCP joint or in the PIP joint.

Patients treated at the MCP joint
There were 31 patients treated at the MCP joint (10-year PED: 11.5 ± 11.4; range: 0-30). Nine patients (29.0%) had a 
recurrence on the treated joint (Figure 1 and Table 2). Seventeen patients (54.8%) had a worse TPED due to recurrence of 
disease by PIP joint involvement (10-year TPED: 25.8 ± 10.9; range: 0-50). Overall patient satisfaction was 6.7 ± 1.7. The 
mean MHQ score was 80 ± 21. The mean URAM score was 59 ± 19. A statistically significant difference was observed 
when comparing the outcomes at the 7-year follow-up and at the 10-year follow-up for PED (P = 0.00222) and TPED (P < 
0.00001).
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Table 2 Results for patients injected at the metacarpophalangeal joint

Patient MCPJ PED in degrees MCPJ TPED in degrees 10-yr recurrence

Before 12 wk 7 yr 10 yr Before 12 wk 7 yr 10 yr

1 60 0 0 5 70 10 10 25 Yes

2 75 0 5 5 75 10 10 25 Yes

3 50 0 5 5 50 5 10 15 No

4 45 0 0 0 60 10 10 20 No

5 45 0 5 5 55 10 10 15 No

6 90 0 5 30 100 10 10 40 Yes

7 50 0 5 5 50 5 10 15 No

8 50 0 5 5 50 5 10 15 No

9 45 0 5 10 95 10 10 20 No

10 70 0 5 35 75 10 10 40 Yes

11 70 0 0 0 70 10 10 10 No

12 45 5 5 5 50 5 10 15 No

13 45 5 5 10 45 10 10 20 No

14 50 5 5 5 50 10 15 40 Yes

15 50 0 5 5 50 5 5 15 No

16 45 5 10 10 45 10 10 20 No

17 45 0 5 5 45 5 10 25 Yes

18 70 5 0 0 80 10 10 30 Yes

19 50 0 5 25 50 10 15 40 Yes

20 45 0 5 25 45 10 10 40 Yes

21 80 0 5 5 95 10 10 30 Yes

22 45 5 5 25 45 10 20 50 Yes

23 50 0 0 0 45 10 10 30 Yes

24 45 5 5 5 45 15 10 15 No

25 45 0 5 5 45 5 10 35 Yes

26 45 0 5 25 45 10 10 40 Yes

27 65 5 10 30 65 10 25 30 Yes

28 45 5 15 30 45 10 10 30 Yes

29 50 0 0 0 50 5 10 10 No

30 45 5 5 5 55 10 10 15 No

31 45 0 15 30 55 10 10 30 Yes

60 0 0 5 70 10 10 25 N/Amean ± SD

75 0 5 5 75 10 10 25 N/A

MCPJ: Metacarpophalangeal joint; PED: Passive extension deficit; TPED: Total passive extension deficit; N/A: Not applicable; SD: Standard deviation.

Patients treated at the PIP joint
There were 6 patients treated at the PIP joint (10-year PED: 41.7 ± 5.2; range: 35-50). All patients experienced recurrence at 
the treated joint (Figure 2 and Table 3). All patients had a worse TPED due to recurrence of the disease by PIP joint 
involvement (10-year TPED: 56.7 ± 8.2; range: 50-70). Overall patient satisfaction was 5.0 ± 0.6. The mean MHQ score was 
70 ± 15. The mean URAM score was 63 ± 16. The sample size (n = 6) did not meet the criteria for the Wilcoxon test to 
approximate normality. Therefore, accurate computation of a P value was not feasible.
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Table 3 Results for patients injected at the proximal interphalangeal joint

PIPJ PED in degrees PIPJ TPED in degrees 10-yr recurrence
Patient

Before 12 wk 7 yr 10 yr Before 12 wk 7 yr 10 yr

32 50 10 30 40 50 10 15 50 Yes

33 65 10 20 40 70 10 15 50 Yes

34 70 20 25 50 70 20 25 60 Yes

35 65 10 20 40 65 10 20 50 Yes

36 60 15 20 45 70 10 15 70 Yes

37 90 15 20 35 95 15 15 60 Yes

mean ± SD 66.7 13.3 22.5 41.7 70.0 12.5 17.5 56.7 N/A

13.3 4.1 4.2 5.2 14.5 4.2 4.2 8.2 N/A

PIPJ: Proximal interphalangeal joint; PED: Passive extension deficit; TPED: Total passive extension deficit; N/A: Not applicable; SD: Standard deviation.

Figure 1 Results for patients injected at metacarpal-phalangeal joints level reported in Table 2. All numerical data are reported in degrees. 
Standard deviations are reported as interval. MPJ: Metacarpal-phalangeal joints; PED: Passive extension deficit; TPED: Total passive extension deficit; PRE OP: Pre 
operative.

Figure 2 Results for patients injected at proximal inter-phalangeal joints level reported in Table 3. All numerical data are reported in degrees. 
Standard deviations are reported as interval. PIPJ: Proximal inter-phalangeal joints; PED: Passive extension deficit; TPED: Total passive extension deficit; PRE OP: 
Pre operative.
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DISCUSSION
This investigation represents one of the longest follow-up studies demonstrating the efficacy of enzymatic fasciotomy. It 
should be noted that during this follow-up study, collagenase was removed from the European market, but not due to 
safety or efficacy issues. The data from this 10-year follow-up, along with data from the 7-year follow-up[6], has revealed 
novel findings for the use of collagenase in the treatment of DC. Our results mostly align with trends observed in other 
studies with shorter follow-up periods[6,12-18].

Previous studies with extended follow-ups have already reported instances of disease recurrence. Zhang et al[12] 
documented a recurrence rate of 80% and the necessity for re-intervention in 53% of cases after a minimum of 5 years of 
follow-up. Similarly, Göransson et al[14] reported a 5-year recurrence rate of 50% that was accompanied by high patient 
satisfaction. Our previous study, evaluating the population 7 years after treatment[6], revealed that 86.7% of PIP joint-
treated patients and 65.6% of MCP joint-treated patients experienced recurrence of the contracture. Notably, 86.7% of 
patients concluded treatment after a single collagenase injection despite subsequent recurrences[6].

Our analysis adhered to the international consensus definition of recurrence[11], which revealed that 54.8% of patients 
exhibited a deterioration of more than 20 degrees of TPED in the MCP joints. According to this criterion, 100% of patients 
treated at the PIP joint experienced a recurrence. Additionally, if we included patients with 20 degrees of TPED (the lower 
limit of recurrence definition), the recurrence rate would reach 67.7%. Notably, no patient exhibited a TPED of zero at the 
10-year follow-up. In addition, our evaluation did not account for the potential activation of the disease in untreated 
fingers.

The recurrence is likely due to DC pathophysiology and the nature of CCH treatment. While CCH enables cord lysis, it 
does not eliminate a substantial portion of pathological aponeurosis, which allows the persistence of pathological 
collagen. There is limited evidence suggesting that CCH induces inflammatory stimulation, potentially activating the 
generation of further pathological collagen.

Despite these challenges, patients generally express satisfaction with the treatment, particularly when applied to the 
MCP joint. Conversely, patients treated at the PIP joint exhibited lower satisfaction levels, necessitating further treatment 
in most cases.

Given our findings, we would recommend collagenase treatment for palpable cords at the MCP joint if it were curr-
ently available. We also recommend cautioning patients about the potential for recurrence. Conversely, we do not 
recommend CCH application at the PIP joint due to low patient satisfaction, the high recurrence rate, and the need for re-
intervention within 10 years.

Our study had some limitations, including result disparities between the MCP joint and PIP joint, and a 17.6% loss to 
follow-up from the initial sample of 45 patients. The deterioration observed in this case series underscores the importance 
of re-evaluating cases beyond the typical 5-year follow-up.

CONCLUSION
The use of CCH in treating DC is recommended when applied to palpable cords at the MCP joint. The benefits of the 
treatment are the non-invasiveness and the rapid postoperative recovery. However, patients should be informed of the 
risk of recurrence.

ARTICLE HIGHLIGHTS
Research background
Dupuytren’s contracture (DC), also known as palmar fibromatosis, has been shown to be successfully treated with 
enzymatic fasciotomy. This novel approach involves the injection of collagenase derived from collagenase clostridium 
histolyticum (CCH) into a fibrous cord causing DC.

Research motivation
In contrast to traditional surgical procedures, enzymatic fasciotomy is a less invasive alternative. However, the long-term 
outcomes of this innovative technique remain largely unexplored. Recently, there has been a growing trend of re-
assessing patients who underwent enzymatic fasciotomy. Notably, it has been observed that not all individuals treated 
with this technique have experience long-term efficacy.

Research objectives
This study compared the short-term (12 wk) and long-term (10 years) outcomes of CCH treatment of DC.

Research methods
This was a prospective study that was part of a multicenter trial conducted in a university hospital beginning in 2012. Our 
institution conducted 45 injections of CCH for the treatment of DC with palpable cord manifestations. A comprehensive 
7-year follow-up revealed a recurrence of the disease, particularly among patients injected at the proximal inter-
phalangeal (PIP) joint. Additionally, there was evidence of disease recurrence in patients injected at the metacarpo-
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phalangeal (MCP) joint.

Research results
When CCH was injected at the PIP joint, 100% of patients experienced recurrence at 10 years. When CCH was injected at 
the MCP joint, over 50% of patients experienced recurrence after 10 years. There was a statistically significant difference 
in passive extension deficit (PED) and total PED when comparing the outcomes at the 7-year follow-up and the 10-year 
follow-up.

Research conclusions
The use of CCH for the treatment of DC is recommended when applied to palpable cords at the MCP joint. However, 
patients should be informed of the risk of recurrence. We do not recommend CCH for the treatment of DC at the PIP joint 
due to low patient satisfaction, the high rate of recurrence, and the need for re-intervention within 10 years.

Research perspectives
The deterioration observed in our case series underscores the importance of re-evaluating cases beyond the typical 5-year 
follow-up. Further long-term studies are required to completely evaluate the long-term efficacy of CCH for the treatment 
of DC.
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Abstract
BACKGROUND 
Regular physical activity during childhood and adolescence is beneficial to bone 
development, as evidenced by the ability to increase bone density and peak bone 
mass by promoting bone formation.

AIM 
To investigate the effects of exercise on bone formation in growing mice and to 
investigate the underlying mechanisms.

METHODS 
20 growing mice were randomly divided into two groups: Con group (control 
group, n = 10) and Ex group (treadmill exercise group, n = 10). Hematoxylin-eosin 
staining, immunohistochemistry, and micro-CT scanning were used to assess the 
bone formation-related indexes of the mouse femur. Bioinformatics analysis was 
used to find potential miRNAs targets of long non-coding RNA H19 (lncRNA 
H19). RT-qPCR and Western Blot were used to confirm potential miRNA target 
genes of lncRNA H19 and the role of lncRNA H19 in promoting osteogenic differ-
entiation.

RESULTS 
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Compared with the Con group, the expression of bone morphogenetic protein 2 was also significantly increased. 
The micro-CT results showed that 8 wk moderate-intensity treadmill exercise significantly increased bone mineral 
density, bone volume fraction, and the number of trabeculae, and decreased trabecular segregation in the femur of 
mice. Inhibition of lncRNA H19 significantly upregulated the expression of miR-149 and suppressed the expression 
of markers of osteogenic differentiation. In addition, knockdown of lncRNA H19 significantly downregulated the 
expression of autophagy markers, which is consistent with the results of autophagy-related protein changes 
detected in mouse femurs by immunofluorescence.

CONCLUSION 
Appropriate treadmill exercise can effectively stimulate bone formation and promote the increase of bone density 
and bone volume in growing mice, thus enhancing the peak bone mass of mice. The lncRNA H19/miR-149 axis 
plays an important regulatory role in osteogenic differentiation.

Key Words: Exercise; Osteogenic differentiation; Bone formation; Bone mesenchymal stem cells; Autophagy

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Adolescence is a critical period for laying the foundation for optimal peak bone mass in adulthood. Studies have 
shown that pre-puberty and early puberty are the periods when bones are most responsive to mechanical loading. It is 
essential to explore the effect of exercise on promoting bone formation in adolescence and its underlying mechanisms. In 
this paper, we explored the promotional effects of treadmill exercise on bone formation in growing mice and further 
explored the underlying mechanisms. Our results validate that moderate intensity running exercise is effective in stimulating 
bone formation and promoting increases in bone mineral density and bone mass, thereby enhancing peak bone mass in 
growing mice. Notably, the long non-coding RNA H19 (lncRNA H19)/microRNA-149 (miR-149) axis plays an important 
regulatory role in the osteogenic differentiation of bone mesenchymal stem cells. Overall, this paper emphasizes that 
exercise may promote bone formation in mice through the lncRNA H19/miR-149 axis, which may be closely related to the 
activation of autophagy.

Citation: Zhou XC, Wang DX, Zhang CY, Yang YJ, Zhao RB, Liu SY, Ni GX. Exercise promotes osteogenic differentiation by 
activating the long non-coding RNA H19/microRNA-149 axis. World J Orthop 2024; 15(4): 363-378
URL: https://www.wjgnet.com/2218-5836/full/v15/i4/363.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i4.363

INTRODUCTION
Bone tissue is a dense connective tissue that is part of the endoskeleton of vertebrates. Physiologically, bone is subjected 
to a dynamic mechanical environment of continuous remodeling through two coordinated and synchronized processes, 
including osteoblast-driven bone formation and osteoclast-driven bone resorption, which help the bone to develop an 
optimized morphological structure to adapt to changing loads and maintain homeostasis[1]. As a typically mechanically 
responsive tissue, bone can respond to stimuli of mechanical loading: physiological loading induces bone formation, 
whereas lack of loading or overloading can lead to bone resorption[2,3]. Mechanical loading is a major regulator of bone 
formation and resorption, playing a crucial role in the metabolic homeostasis of bone[4,5].

Osteoporosis is one of the most serious health problems in older women. Current strategies to prevent osteoporosis in 
women focus on increasing peak bone mass at skeletal maturity and reducing bone loss in midlife and late menopause[6,
7]. Previous studies have demonstrated that 25%-40% of adult bone mass is gained during puberty, a critical period for 
laying the foundation for optimal peak bone mass in adulthood[8], which helps to reduce the chances of osteoporosis in 
old age[9,10]. Regular physical activity during childhood and adolescence is beneficial for musculoskeletal development, 
and its beneficial effects can continue into adulthood and even old age[11,12]. Therefore, exercising at an appropriate 
intensity during adolescence is crucial for increasing peak bone mass. Currently, however, there is a lack of clarity 
regarding the underlying mechanisms by which exercise promotes bone formation during puberty.

Long non-coding RNAs (lncRNAs) are by-products of RNA polymerase II transcription, a group of non-coding 
transcripts ≥ 200 nucleotides in length, which do not have the function of coding proteins[13,14]. Unlike microRNAs 
(miRNAs), which are non-coding RNAs that do not encode proteins, lncRNAs can fold into complex secondary or higher 
spatial structures, allowing for better target recognition[15]. Accumulating studies have shown that IncRNAs can regulate 
the expression of protein-coding genes epigenetically, transcriptionally, and post-transcriptionally, thereby affecting a 
range of biological processes, including the regulation of bone metabolism[16,17]. Studies have shown that lncRNAs 
exhibit the following three functions during osteogenic differentiation: (1) Regulating osteogenic differentiation by 
mediating epigenetic modifications; (2) Regulating osteogenic differentiation through signaling pathways; and (3) 
Regulating osteogenic differentiation by acting as miRNA sponges or precursor structures[18,19]. Some of the lncRNAs 
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were found to be mechanosensitive and regulated by mechanical stress, including lncRNA H19[20-22]. LncRNA H19, 
located on human chromosome 11p15.5, is one of the best-known imprinted genes[23,24]. LncRNA H19 was found to be 
highly expressed in adult muscle tissues and upregulated during differentiation and regeneration of adult myoblasts[25]. 
In addition, lncRNA H19 may be involved in the regulation of atherosclerosis[26], myocardial injury[27], and osteogenic 
differentiation[28]. It has been shown that inhibition of lncRNA H19 promotes osteogenic differentiation of human 
adipogenic stem cells[29]. However, another study found that lncRNA H19 deficiency could inhibit osteogenic differen-
tiation of bone mesenchymal stem cells (BMSCs)[30,31]. The possible reason for this is the difference in stem cell types. In 
addition, simple ex vivo experiments cannot adequately reflect the complex biological response processes in organisms. 
Therefore, the potential regulatory role of lncRNA H19 in osteogenic differentiation needs to be further elucidated.

Our previous study found that exercise protects against cartilage damage in mice by upregulating lncRNA H19[22]. 
Since bone is also a major effector organ of mechanical exercise, we hypothesized that exercise may promote osteogenic 
differentiation by modulating lncRNA H19 expression. Based on the clinical experience of exercise therapy to promote 
peak bone mass and the foundation of our team's previous research, this study aimed to observe the effect of moderate-
intensity treadmill exercise to promote bone formation in growing-age mice and to further investigate the regulatory role 
of lncRNA H19 in this process, which is of great significance for bone health in the general population and for the 
development of new strategies for the treatment of bone-related diseases.

MATERIALS AND METHODS
Animal experiments
All procedures of this study were reviewed and approved by the Ethics Committee of Exercise Science Experiment of 
Beijing Sport University (Approval No. 2023026A). Twenty 3-wk-old female C57BL/6 mice were purchased from Beijing 
Huafukang Bio-technology Co. Ltd. and housed in an SPF-class animal laboratory environment with temperature and 
relative humidity at (22 ± 2) °C and 55%-75%. Normal circadian rhythms were administered. All mice are allowed to 
move freely within the cage. Adaptive feeding of mice for one week is required before the formal experiment begins.

After the end of adaptive feeding, twenty mice were randomly divided into two groups: Con group (control group, n = 
10) and Ex group (treadmill exercise group, n = 10). Mice in the Con group were free to move around the cage, while mice 
in the Ex group were forced to perform treadmill exercises. The treadmill exercise program was developed based on the 
experience of our group's previous research[22,32,33]. The protocol during the formal treadmill exercise experiment was 
one hour per day, five days per week, for a total of eight weeks. It should be noted that during the formal experiment, the 
speed was gradually increased from 5 m/min to 15 m/min in the first five minutes at the beginning of each running 
exercise, followed by running at a constant speed of 15 m/min for 50 min, and the speed was gradually reduced from 15 
m/min to 0 m/min in the last five minutes at the end of the running exercise. The specific treadmill running program is 
shown in Table 1. After eight weeks of treadmill running training, all mice were anesthetized by inhalation of isoflurane 
and subjected to neck transection. Before sacrifice, all mice were fed water without feeding for 24 h. No mice showed 
abnormal mortality in this experiment.

Hematoxylin-eosin staining
After PFA fixation, the mouse femur was placed in EDTA decalcification solution for 2-3 wk for decalcification. The 
decalcification solution was changed every other day. The standard for complete decalcification is that the needle tip of 
the syringe can easily penetrate the cortical bone. The samples were then dehydrated, transparent, waxed, embedded in a 
tissue wax block, and finally sectioned (4 μm per section). Subsequently, routine hematoxylin-eosin (HE) staining was 
performed according to the instructions. After staining, the sections were observed and photographed under an inverted 
optical microscope.

Immunohistochemical staining
Mouse femur paraffin sections were placed in a 60 ℃ oven for 30 min and then subjected to treatment with xylene, 
xylene, xylene, 100% ethanol, 95% ethanol, and 80% ethanol. After dewaxing, antigen repair, blocking, primary antibody 
incu-bation, secondary antibody incubation, and DAB staining were performed. The staining process was terminated 
after positive expression was observed under the microscope. Subsequently, the nucleus was stained using hematoxylin 
staining. Conventional dehydration and xylene transparency were performed. Finally, neutral resin adhesive was used 
for sealing. The sections were observed and photographed under an inverted optical microscope.

Immunofluorescence staining
Similar to the immunohistochemical staining steps, the mouse femur paraffin sections were sequentially subjected to 
dewaxing, antigen repair (microwave repair can reduce bone tissue loss), blocking, primary antibody incubation (anti-
Beclin1, abmart, T55092), secondary antibody incubation, re-antigen repair, addition of primary antibody (anti-P62, 
abmart, T55546), secondary antibody incubation, DAPI re-staining of the cell nucleus, and blocking. Finally, images were 
taken under the SP8 Leica laser confocal microscope. The nucleus was stained blue (excitation wavelength 330-380 nm, 
emission wavelength 420 nm), Beclin1 protein was stained red (excitation wavelength 510-560 nm, emission wavelength 
590 nm), and P62 protein was stained green (excitation wavelength 465-495 nm, emission wavelength 515-555 nm).



Zhou XC et al. Exercise promotes bone formation

WJO https://www.wjgnet.com 366 April 18, 2024 Volume 15 Issue 4

Table 1 Treadmill exercise program

Stages Time Speed Duration

Day 1 6 m/min 30 min

Day 2 9 m/min 40 min

Acclimatization treadmill exercise

Day 3 12 m/min 50 min

Days 4 to 7 15 m/min 60 minFormal treadmill exercise

Weeks 2 to 8 15 m/min 60 min

micro-CT
The mouse knee joints were carefully isolated, and the intact femur were placed in PFA fixative for 48 h for fixation 
before micro-CT scanning. The Skyscan1276 scanning device was used to scan the rat knee joint. The knee was placed in 
the Skyscan1276 ex vivo sample scanning bed. The scanning parameters were as follows: Camera pixel size (μm) = 9.01; 
source voltage (kV) = 69; source current (μA) = 100; image pixel size (μm) = 9.92. After scanning, NRecon and DataViewer 
software were used to adjust all samples to the same position in the 3D axes to facilitate subsequent more precise 
selection of the region of interest for reconstruction. CTan software was used for further analysis of bone microstructural 
parameters, including bone mineral density (BMD), bone volume fraction (BV/TV), the number of trabeculae (Tb.N), and 
trabecular segregation (Tb.Sp). The place where the growth plate disappeared was chosen as the starting point of the 
region of interest, and 100 Layers were selected upwards as the region of interest for 3D reconstruction. Finally, CTvox 
was used for 3D reconstruction of regions of interest. After the micro-CT scan was completed, the femur was placed in an 
EDTA decalcification solution for decalcification for subsequent paraffin embedding and pathological sectioning.

Extraction of primary bone marrow mesenchymal stem cells
The lower limb of the mouse was severed at the hip joint (pay attention to preserving the intact femoral trochanter). The 
muscles and other soft tissues of the lower limbs were carefully peeled off. Subsequently, the femur and tibia were 
carefully separated at the knee joint (the fibula can be detached). Sterile ophthalmic scissors were used to cut both ends of 
the femur and tibia to expose the bone marrow cavity. Then, a 1 mL syringe was used to draw a complete culture medi-
um containing 10% FBS and rinse the bone marrow cavity until all the tissue in the bone marrow cavity was washed 
down and appeared white. Finally, a pipette was used to repeatedly blow the culture medium containing bone marrow 
tissue and inoculate it into a 10cm culture dish. After 4-6 d, the cells can adhere to the culture dish.

Alkaline phosphatase staining
After the osteogenic induction and differentiation of primary BMSCs, the PBS solution was washed three times, followed 
by PFA to fix the BMSCs for 10-15 min. PBS solution was used to wash the cells three times again. Finally, an alkaline 
phase (ALP) staining solution (Sigma, B5655) was used to stain the cells. BMSCs were incubated at room temperature and 
in a dark environment, and the staining of cells was observed in real time. After a significant blue color appeared, the 
staining was terminated.

Alizarin red staining
After the osteogenic induction and differentiation of primary BMSCs, the PBS solution was washed three times, followed 
by PFA to fix the BMSCs for 10-15 min. PBS solution was used to wash the cells three times again. Finally, an alizarin red 
staining solution (Servicebio, G1038) was used to stain the cells. BMSCs were incubated at room temperature, and the 
staining of cells was observed in real-time. After a significant red color appeared, the staining was terminated.

Bioinformatics analysis
The sequence and annotation information of lncRNA-H19 was queried through the NCBI database to understand the 
biological function, expression pattern, and regulatory mechanism of this gene. The sequence of lncRNA-H19 was 
predicted to clarify the structure of its miRNAs containing target sites. Four websites, ENCORI, mricode, DINATOOLS, 
and LncACTdb, were used for predictive analysis of miRNA target genes for lncRNA H19 (ENCORI: https://rnasysu.
com/encori/index.php; mricode: http://www.mircode.org; DINATOOLS: http://diana.imis.athena-innovation.gr/
DianaTools/index.php?r=site/index; LncACTdb: http://www.bio-bigdata.net/LncACTdb/index.htm). The intersection 
of the four sites identified four potential target miRNAs (miR-148a, miR-185, miR-212, and miR-149).

Cell transfection experiment in vitro
Primary BMSCs were washed three times using PBS when they grew to 30%-50% fusion. Specialized media for cell 
transfection with low serum was used. The si-lncRNA H19 and NC with Lipofectamine® 3000 Liposome transfection 
reagent (Invitrogen, L3000015) were added to low-serum cell transfection-specific medium, respectively. After 8 h, a 10% 
FBS complete culture medium was used to replace the low serum culture medium for subsequent experiments.

https://rnasysu.com/encori/index.php
https://rnasysu.com/encori/index.php
http://www.mircode.org
http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=site/index
http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=site/index
http://www.bio-bigdata.net/LncACTdb/index.htm
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RT-qPCR
The total RNA of the cells was extracted using the Trizol method to detect the expression of target genes. Briefly, cells 
were washed three times with PBS. Six-well plates were prepared by adding 1 mL of Trizol to each well and transferring 
to 1.5 mL EP tubes. Subsequently, 200 μL of chloroform was added to each well, shaken vigorously, and centrifuged at 
12000 rpm, 4 °C for 15 min. An equal amount of isopropanol was added to the supernatant, mixed upside down, and then 
centrifuged at 12000 rpm, 4 °C for 15 min. 1 mL of 75% ethanol was added to the supernatant and centrifuged at 7500 
rpm, 4 °C for 5 min. The supernatant was discarded and air-dried so that the alcohol could be completely evaporated. 
Add 20 μL of DPEC water to dissolve the RNA. RNA concentration was measured using a spectrophotometer. The 
Takara SYBRGreen kit (Takara, RR820A) was used for real-time fluorescent quantitative amplification of target genes. β-
actin was used as an internal reference. The 2−ΔΔCT method was used to analyze the data. As shown in Table 2, all primers 
involved were designed using Primer Premier 5.0 software.

Western blot
RIPA lysate was used to extract total protein from BMSCs for the detection of target protein expression. Briefly, BMSCs 
were washed three times with PBS, and 100 μL of Ripa lysate containing 1% protein phosphatase inhibitor was added to a 
six-well plate. The adherent primary BMSCs were scraped off using a cell scraper and transferred to 1.5 mL EP tubes, 
which were shaken on ice for 20 min and then sonicated. After centrifugation at 12000 rpm for 20 min, the supernatant 
was taken and transferred to a 1.5 mL EP tube. Then, after measuring the protein concentration with the BCA kit to 
homogenize the protein concentration, the protein loading buffer was added and cooked at 100 °C for 8 min. The proteins 
were separated using SDS-PAGE gel electrophoresis and then transferred to PVDF membranes. Subsequently, the 
protein-containing PVDF membrane was subjected to blocking, primary antibody incubation, and secondary antibody 
incubation. Finally, the chemiluminescent solution was used to develop the protein image. Anti-ALP (Invitrogen, PA5-
106391), anti-bone morphogenetic protein 2 (BMP2) (Invitrogen, PA5-85956), anti-SP7 (Invitrogen, PA5-115697), anti-
Beclin1 (abmart, T55092), Anti-microtubule-associated protein 1 light chain 3 beta (LC3B) (abmart, T55992), anti-β-actin 
(abmart, TP70573), anti-GAPDH (abmart, MG212519S), and anti-β-tubulin (abclonal, A12289) were used as primary 
antibody. The interest protein grayscale values were counted using Image J software.

Data analysis
The data from each group were analyzed using SPSS 20.0 software. GraphPad Prism 8 was used to graph statistical data. 
Results are expressed as mean ± SD. Independent samples t-test was used to compare the differences between two 
groups, while one-way ANOVA and the LSD method were used to compare the differences between multiple groups. P < 
0.05 indicates a significant difference.

RESULTS
Exercise promotes bone formation in growing mice
Growth-phase mice were selected to undergo mandatory 8 wk of moderate-intensity treadmill exercise to stimulate bone 
formation, thereby enhancing peak bone mass. As shown in Figure 1A, compared with the Con group, the femoral 
growth plate of mice in the Exercise group was significantly thickened, accompanied by distinct chondrocyte strati-
fication: resting-zone chondrocytes, proliferating chondrocytes, and hypertrophic chondrocytes, which is suggestive of an 
active osteogenic function. Immunohistochemical staining showed that the expression of BMP2, a marker of osteogenic 
differentiation, was also significantly increased in the Ex group of mice (Figure 1B). A recent study found that exercise 
may alleviate bone loss in aging mice by modulating autophagy[34]. Therefore, we preliminarily examined the expression 
of markers of autophagy in the femur and found that the level of autophagy was significantly increased in the femur of 
mice in the Ex group (Figure 1C). Consistently, micro-CT results showed that 8 wk of moderate-intensity treadmill 
exercise significantly increased BMD, BV/TV, and Tb.N) and decreased Tb.Sp in the femur of mice (Figure 1D and E). 
Thus, we found that 8 wk of moderate-intensity treadmill exercise significantly promoted femoral bone formation and 
increased peak bone mass in growing mice, which may be related to the activation of autophagy.

Exercise promotes osteogenic differentiation of mouse BMSCs
BMSCs from the femur and tibia of Con and Ex group mice were extracted for osteogenic differentiation induction using 
an osteogenic differentiation medium to verify whether exercise increased peak bone mass in growing mice by promoting 
osteogenic differentiation of BMSCs. First, we performed stem cell characterization of primary cells extracted from mouse 
bone marrow. As shown in Figure 2A and B, primary mouse BMSCs subjected to ALP staining and alizarin red staining 
showed good stem cell properties 7 and 14 d after osteogenic induction of differentiation, respectively. Subsequently, we 
explored the possible mechanisms by which exercise promotes osteogenic differentiation by bioinformatics analysis to 
find potential miRNA targets of lncRNA H19. As shown in Figure 2C and D, bioinformatics analysis suggested four 
potential miRNAs (miR-148a, miR-185, miR-212, and miR-149). Further, RT-qPCR results showed that the expression of 
miR-149 was significantly down-regulated in Ex-group BMSCs, which was opposite to the expression trend of lncRNA 
H19 (Figure 2E and F), suggesting that miR-149 may be a direct target gene of lncRNA H19 during the osteogenic differ-
entiation of BMSCs. In addition, we found that compared to the Con group, the mRNA and protein expression levels of 
osteogenic differentiation markers of BMSCs in the Ex group were significantly higher, including ALP and BMP2 
(Figure 2E-H). Notably, autophagy-related protein markers such as Beclin1 and LC3B were also significantly up-
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Table 2 Primer sequences

Genes Primer sequence (5'-3')
lncRNA H19 Forward: 5'- GCTCCACTGACCTTCTAAAC -3' 

Reverse: 5'- ACGATGTCTCCTTTGCTAAC -3'

miR-149 Forward: 5'- TGGCTCCGTATCTTCACTCC -3'

β-actin Forward: 5'-CTGTCCCTGTATGCCTCTG-3' 
Reverse: 5'-ATGTCACGCACGATTTCC-3'

ALP Forward: 5'-CCAACTCTTTTGTGCCAGAGA-3' 
Reverse: 5'-GGCTACATTGGTGTTGAGCTTTT-3'

Runx2 Forward: 5'-AGAGTCAGATTACAGATCCCAGG-3' 
Reverse: 5'-TGGCTCTTCTTACTGAGAGAGG-3'

BMP2 Forward: 5'- GTGCAGATCCTAGGTTTCTCTG-3' 
Reverse: 5’- CAGGATCTCATTCTCTTGGATC-3’

Osterix Forward: 5'-TGGTACAAGGCAGGCATCCA-3' 
Reverse: 5'-GGAGCAAAGTCAGATGGGTAAGT-3'

regulated in BMSCs from the Ex group (Figure 2G and H). Thus, exercise significantly promotes osteogenic differen-
tiation of BMSCs in growth-phase mice, which may be associated with activation of the lncRNA H19/miR-149 axis and 
autophagy.

Exercise promotes osteogenic differentiation of BMSCs through upregulation of lncRNA H19/miR-149
Cell transfection techniques were used to inhibit the expression of lncRNA H19 to verify that the lncRNA H19/miR-149 
axis can mediate the process of exercise-promoting osteogenic differentiation in BMSCs. Wild-type mouse BMSCs were 
extracted for 3 d for osteogenic differentiation induction, as the effective time for si-RNA transfection was 48-72 h. It was 
found that ALP staining was hampered after lncRNA H19 was knocked down (Figure 3A). However, there was no 
significant difference in the results of alizarin red staining due to the short time of osteogenic induction of differentiation 
(Figure 3B). Subsequently, we examined the expression of genes and protein markers related to osteogenic differentiation 
after the knockdown of lncRNA H19. As shown in Figure 3C-E, inhibition of lncRNA H19 significantly suppressed 
osteogenic differentiation of BMSCs, characterized by a significant decrease in the expression of markers of osteogenic 
differentiation such as ALP, Runx2, and BMP2. Meanwhile, the knockdown of lncRNA H19 can significantly upregulate 
miR-149 expression, which further demonstrates that the lncRNA H19/miR-149 axis may play an important regulatory 
role in the osteogenic differentiation of BMSCs. In addition, we found that inhibition of lncRNA H19 significantly 
abolished the activation of Beclin1 and LC3B, resulting in reduced levels of autophagy (Figure 3D and E). The above 
results suggest that exercise can promote osteogenic differentiation of BMSCs by upregulating the lncRNA H19/miR-149 
axis, which may be related to the activation of autophagy.

DISCUSSION
Peak bone mass acquired during adolescence is essential for bone health. The gradual loss of bone mass in adulthood is 
irreversible[9]. However, exercise is effective in increasing peak bone mass during puberty. More peak bone mass means 
an increase in relative bone mass in adulthood, which can effectively reduce the risk of osteoporotic fractures[10]. 
Therefore, it is valuable to explore in depth the potential role of exercise in promoting bone formation during adole-
scence. In this study, the promotional effect of treadmill exercise on bone formation in growing mice and its underlying 
mechanisms were explored (Figure 4).

Since mice reach sexual maturity at 6-8 wk and can be defined as adult mice at 12 wk[35]. 4-wk-old growing mice were 
selected to perform treadmill exercises. Previous studies have shown that short-term programs and/or low-intensity 
exercise programs are not effective in stimulating bone formation, regardless of gender or age, while high-intensity 
exercise imposes excessive loads on the bone, causing damage to the bone tissue[35]. Hamann et al[36] suggested that 
there may be a critical strain threshold to stimulate bone formation. For example, Maurel et al[37] observed no increase in 
whole-body BMD after exercise, which could be attributed to insufficient intensity of the exercise program. Furthermore, 
another study demonstrated that a population-based moderate-intensity physical activity intervention program during 
childhood appears to exert beneficial effects on several musculoskeletal characteristics[38]. In addition, most studies have 
shown that moderate-intensity exercise with a mean duration of 8 wk or more can promote improvements in bone micro-
architecture[39-42]. Therefore, for the present study, moderate-intensity treadmill exercise was chosen as the intervention 
for growing mice for 8 wk.

Our results showed a significant increase in BMD, BV/TV, and Tb. N and a decrease in trabecular separation in the 
femur of mice in the Ex group compared to the Con group, suggesting that 8 wk of moderate-intensity treadmill exercise 
is effective in stimulating bone formation and significantly increasing BMD in growing mice, which contributes to the 
enhancement of the peak bone mass in adulthood. Notably, in HE staining, we found that the thickness of the growth 
plate of mice in the Ex group was significantly increased, and the proliferation and differentiation of cells in all layers of 
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Figure 1 Exercise promotes bone formation in growing mice. A: Hematoxylin-eosin staining of mouse femur; B: Changes in bone morphogenetic protein 
2 protein expression in mouse femur by immunohistochemical staining; C: Changes in protein expression of Beclin1 and P62 in mouse femur by immunofluorescence 
staining; D and E: Reconstruction images and bone morphometric indices of changes in the distal femur in mice by micro-CT scanning. n = 6, aP < 0.05, bP < 0.01. 
Con: Control group; Ex: Treadmill exercise group.

the bone growth plate were active. The growth plate, a cartilaginous tissue located between the epiphysis and the 
diaphysis, is the main differentiation region for longitudinal bone growth and consists mainly of chondrocytes and 
extracellular matrix[43,44]. During the juvenile period, the proliferation and differentiation of cartilage are balanced with 
the rate of new bone production, thus ensuring that the growth plate can maintain a certain thickness while the length of 
the diaphysis increases. With age, the proliferative potential of chondrocytes in the growth plate of adolescent children is 
gradually exhausted. When the proliferative and osteogenic activity of cartilage ceases, the growth plate is completely 
ossified and fused, accompanied by a reduction in the width of the growth plate. Simultaneously, the longitudinal growth 
of the long bones stops[45]. Impaired or premature closure of the bone growth plate function can lead to short stature, 
limb length incongruity, and abnormal skeletal development in children since continued maturation of bone growth plate 
cartilage can provide a scaffold for bone deposition[46]. It was found that the proliferation and hypertrophy of chon-
drocytes in the epiphyseal plate were more pronounced in joints subjected to weight-bearing stress. The stress-affected 
cell proliferation and differentiation were closely related to the elevated expression level of parathyroid hormone-related 
protein (PTHrP)[47]. Another study found that short-term cyclic stress can upregulate the expression of PTHrP in growth 
plate chondrocytes, which in turn affects growth plate development[48]. In the present study, the improvement in the 
thickness of the distal femoral growth plate by exercise may be an important reason for promoting bone formation and 
bone growth in growing mice. In addition, the growth plates are more susceptible to injury since they are composed of 
cartilage, which is weaker than solid bone[44]. It has been shown that shock loading inhibits bone growth throughout 
adolescence in young rats. This may be due to excessive shock loading, causing damage to the bone growth plate, which 
in turn inhibits normal bone formation[49]. Therefore, we have to emphasize the necessity of controlling the intensity of 
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Figure 2 Exercise promotes osteogenic differentiation of mouse bone mesenchymal stem cells. A: Alkaline phase staining of mouse bone 
mesenchymal stem cells (BMSCs) at 7 d of osteogenic differentiation induction; B: Alizarin red staining of mouse BMSCs at 14 d of osteogenic differentiation 
induction; C and D: Identification of potential miRNAs targets of lncRNA H19 by bioinformatics analysis; E and F: Changes in mRNA levels of lncRNA H19, miR-149, 
and osteogenic differentiation-associated markers after induction of osteogenic differentiation in mouse primary BMSCs by RT-qPCR; G and H: Changes in protein 
level of osteogenic differentiation-related marker and autophagy-related marker after induction of osteogenic differentiation in mouse primary BMSCs. n = 3, aP < 
0.05, bP < 0.01. Con: Control group; OI: Osteogenic differentiation induction; Ex: Treadmill exercise group.

exercise when performing exercise interventions in mice during the growth period. Moreover, the timing of growth plate 
development is the limiting factor in determining height[50,51]. Therefore, we propose the hypothesis that exercise may 
also promote an increase in BMD and peak bone mass by prolonging the development time/delaying the healing time of 
the growth plate in mice.

To investigate the effects and potential mechanisms of exercise to promote osteogenesis in growing mice, BMSCs from 
the femur and tibia of Con and Ex group mice were extracted for further experiments. We found that the expression of 
lncRNA H19 was significantly higher in BMSCs in the Ex group compared to the Con group, while the mRNA and 
protein expression levels of ALP and BMP2 were significantly higher, suggesting that exercise significantly promotes the 
osteogenic differentiation of BMSCs in growth-phase mice, which may be related to the upregulation of lncRNA H19. 
Subsequently, small interfering RNA was used to inhibit lncRNA H19 expression in BMSCs to verify whether exercise 
promotes osteogenic differentiation via lncRNA H19. The results showed that si-H19 significantly inhibited osteogenic 
differentiation of BMSCs by ALP staining, although alizarin red staining showed no significant difference due to the too-
short time of osteogenic differentiation. RT-qPCR with WB analysis also further demonstrated that si-H19 significantly 
inhibited osteogenic differentiation of BMSCs. Therefore, exercise may promote osteogenesis by upregulating lncRNA 
H19. Since lncRNA H19 can act as a miRNAs sponge to regulate bone formation during osteogenic differentiation[18], we 
further identified five potential miRNAs targets of lncRNA H19 by bioinformatics analysis. Combined with bioin-
formatics analysis, we preliminarily found that the expression of miR-149 was decreased during osteogenic differen-
tiation of BMSCs by RT-qPCR, which was opposite to the expression trend of lncRNA H19, suggesting that miR-149 may 
be a direct target gene of lncRNA H19 during the osteogenic differentiation of BMSCs. It has been reported that miR-149 
is involved in the regulation of calcium ions, bone matrix mineralization, and bone resorption, as well as the differen-
tiation and maintenance of bone tissue by targeting multiple pathways and genes[52]. Furthermore, miR-149 was found 
to be associated with osteosarcoma. miR-149 can target the expression of BMP9 to promote osteosarcoma progression
[53]. In the present study, we found that the expression of miR-149 was significantly upregulated after knockdown of 
lncRNA H19, which further demonstrated that the lncRNA H19/miR-149 axis may play an important regulatory role in 
the osteogenic differentiation of BMSCs.

It is worth mentioning that in our study, compared with the Con group, the expression level of Beclin1 protein in the 
femur of mice in the Ex group was significantly increased while the expression of P62 protein was significantly decreased. 
Furthermore, the expression levels of Beclin1 and LC3B were also significantly up-regulated in the BMSCs of mice in the 
Ex group. It indicates that exercise may promote bone formation in mice by activating autophagy. Beclin1, p62, and LC3B 
are regulators of autophagy. High expression of Beclin1 accompanied by a decrease in p62 protein suggests that auto-
phagy is activated, and vice versa[54]. Autophagy is a self-degradation process that balances energy sources in response 
to cellular stress[55]. Autophagy plays an important role in bone homeostasis. Studies have shown that estradiol can 
rescue osteoblasts from apoptosis by promoting autophagy through the Er-Erk-mTOR pathway[56]. Additionally, 
autophagy is closely related to osteoblast differentiation and mineralization. Mineral needle-like structures within the 
cytoplasm are mainly located in autophagy-like vesicles. Inhibition of autophagy leads to a decrease in the mineralization 
capacity of osteoblasts, whereas inhibition of autophagic flow prevents the outward transport of minerals from osteo-
blasts[57,58]. Previous studies have found that under mechanical stress, osteoblasts can promote osteoclastogenesis 
through autophagy-mediated receptor activator of nuclear factor κB ligand (RANKL) secretion[59]. Recent studies have 
reported that miRNAs play an important role in autophagy regulation. Wang et al[60] found that miR-140-5p and miR-
149 can enhance chondrocyte autophagic activity by regulating the number of autophagic vesicles in human primary 
chondrocytes. In our study, we found that inhibition of lncRNA H19 significantly down-regulated the expression of 
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Figure 3 Exercise promotes osteogenic differentiation of bone mesenchymal stem cells through upregulation of lncRNA H19/miR-149. A: 
Alkaline phase staining of bone mesenchymal stem cells (BMSCs) 3 d after osteogenic induction of differentiation; B: Alizarin red staining of BMSCs 3 d after 
osteogenic induction of differentiation; C: Gene expression changes of lncRNA H19, miR-149 and osteogenic differentiation-related markers in BMSCs after 
osteogenic differentiation induction and si-lncRNA H19 interference by RT-qPCR; D and E: Protein expression changes of osteogenic differentiation-associated 
markers and autophagy-associated markers in BMSCs after osteogenic differentiation induction and si-lncRNA H19 interference by WB technique. n = 3, aP < 0.05, 
bP < 0.01. Con: Control group; NC: Negative control group; OI: Osteogenic differentiation induction group.
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Figure 4  Summary diagram of this study.

Beclin1 and LC3B, leading to a decrease in autophagy levels. This suggests that exercise can promote osteogenic differen-
tiation of BMSCs through up-regulation of the lncRNA H19/miR-149 axis, which may be related to the activation of 
autophagy. That is, exercise may promote osteogenic differentiation through lncRNA H19/miR-149/autophagy in 
growth-stage mice. Unfortunately, in this study, we did not provide sufficient evidence to support this hypothesis. In 
addition, it is well known that exercise inhibits adipogenesis. In HE staining, we found that there was no significant 
change in adipocytes in the bone marrow cavity of mouse femurs after 8 wk of exercise, which may be because we used 



Zhou XC et al. Exercise promotes bone formation

WJO https://www.wjgnet.com 375 April 18, 2024 Volume 15 Issue 4

mice that were not disease models, such as the osteoporosis model. Therefore, osteoporosis model mice can be selected to 
further explore whether exercise can inhibit lipogenic differentiation through the lncRNA H19/miR-149 axis while 
promoting osteogenic differentiation. And, it can also be deeply explored whether this process is similarly related to the 
regulation of autophagy.

CONCLUSION
In summary, our study demonstrated that moderate intensity running exercise can effectively stimulate bone formation 
and promote the increase of bone density and bone volume in growing mice, thus enhancing the peak bone mass of mice. 
Notably, the lncRNA H19/miR-149 axis plays an important regulatory role in the osteogenic differentiation of BMSCs, 
and this process may be related to the activation of autophagy.

ARTICLE HIGHLIGHTS
Research background
It is well known that exercise promotes bone growth and development. However, the underlying mechanisms by which 
exercise promotes bone formation are not fully understood.

Research motivation
Our previous findings suggest that the mechanosensitive lncRNA H19 is involved in the regulation of cartilage 
homeostasis. Therefore, we propose the hypothesis that mechanosensitive lncRNA H19 may be involved in mediating the 
process of exercise-promoted bone formation. This study will provide more theoretical basis for exercise promoting bone 
health.

Research objectives
The aim of this study was to investigate whether mechanosensitive lncRNA H19 could promote bone formation by 
targeting miR-149. This study reveals for the first time the potential regulatory role of the lncRNA H19/miR-149 axis in 
exercise-promoted bone formation, providing a scientific basis for the promotion of bone health by exercise.

Research methods
The potential role of lncRNA H19/miR-149 axis in exercise-promoted bone formation was fully validated in vivo and in 
vitro by RT-qPCR, WB, IF, IHC, and micro-CT combined with bioinformatics analysis.

Research results
In vivo, exercise could activate autophagy by promoting the expression of lncRNA H19 and inhibiting the expression of 
miR-149, thereby promoting bone formation. In vitro, knockdown of lncRNA H19 was able to inhibit autophagy by 
upregulating miR-149 expression, thereby inhibiting osteogenic differentiation of bone mesenchymal stem cells.

Research conclusions
Exercise can promote autophagy and bone formation through activation of the lncRNA H19/miR-149 axis.

Research perspectives
The potential role of the lncRNA H19/miR-149/autophagy axis in exercise-promoted bone formation was further 
validated by gain of function and loss of function in animal experiments.
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Abstract
BACKGROUND 
De-Quervain’s tenosynovitis is a disorder arising from the compression and 
irritation of the first dorsal extensor compartment of the wrist. Patients who fail 
conservative treatment modalities are candidates for surgical release. However, 
risks with surgery include damage to the superficial radial nerve and an incom-
plete release due to inadequate dissection. Currently, there is a paucity of lite-
rature demonstrating the exact anatomic location of the first dorsal extensor 
compartment in reference to surface anatomy. Thus, this cadaveric study was 
performed to determine the exact location of the first extensor compartment and 
to devise a reliable surgical incision to prevent complications.

AIM 
To describe the location of the first dorsal compartment in relation to bony surface 
landmarks to create replicable surgical incisions.

METHODS 
Six cadaveric forearms, including four left and two right forearm specimens were 
dissected. Dissections were performed by a single fellowship trained upper 
extremity orthopaedic surgeon. Distance of the first dorsal compartment from 
landmarks such as Lister’s tubercle, the wrist crease, and the radial styloid were 
calculated. Other variables studied included the presence of the superficial radial 
nerve overlying the first dorsal compartment, additional compartment sub-
sheaths, number of abductor pollicis longus (APL) tendon slips, and the presence 
of a pseudo-retinaculum.

RESULTS 
Distance from the radial most aspect of the wrist crease to the extensor retin-
aculum was 5.14 mm ± 0.80 mm. The distance from Lister’s tubercle to the distal 
aspect of the extensor retinaculum was 13.37 mm ± 2.94 mm. Lister’s tubercle to 
the start of the first dorsal compartment was 18.43 mm ± 2.01 mm. The radial 
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styloid to the initial aspect of the extensor retinaculum measured 2.98 mm ± 0.99 mm. The retinaculum length 
longitudinally on average was 26.82 mm ± 3.34 mm. Four cadaveric forearms had separate extensor pollicis brevis 
compartments. The average number of APL tendon slips was three. A pseudo-retinaculum was present in four 
cadavers. Two cadavers had a superficial radial nerve that crossed over the first dorsal compartment and 
retinaculum proximally (7.03 mm and 13.36 mm).

CONCLUSION 
An incision that measures 3 mm proximal from the radial styloid, 2 cm radial from Lister’s tubercle, and 5 mm 
proximal from the radial wrist crease will safely place surgeons at the first dorsal compartment.

Key Words: De-Quervain’s tenosynovitis; First extensor compartment; Cadaveric study; Superficial radial nerve; Radial 
styloid; Lister’s tubercle

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Surgical release of the first extensor compartment at the level of the wrist has been well documented with multiple 
different techniques. Injury to the superficial radial nerve, decompressing the incorrect compartment, tendon injury, and 
incomplete release of the compartment leads to patient morbidity. We describe the precise anatomic location of the first 
dorsal compartment in relation to bony surface landmarks to create replicable surgical incisions. We demonstrate the 
location of the superficial radial nerve and document the variances in the first compartment sub-sheaths. In doing so, we 
have created a surgical protocol that will ensure a complete first compartment release.

Citation: Thandoni A, Yetter WN, Regal SM. Anatomic location of the first dorsal extensor compartment for surgical De-Quervain’s 
tenosynovitis release: A cadaveric study. World J Orthop 2024; 15(4): 379-385
URL: https://www.wjgnet.com/2218-5836/full/v15/i4/379.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i4.379

INTRODUCTION
De-Quervain’s tenosynovitis is a common pathology of the wrist resulting in thickening of the synovial sheath and 
extensor retinaculum containing the first dorsal extensor compartment[1]. Subsequent irritation of the first dorsal 
compartment, containing the abductor pollicis longus (APL) and extensor pollicis brevis (EPB) tendons, leads to radial 
sided wrist pain and inflammation[2]. Repetitive grasping and twisting motions of the hand and wrist leads to increased 
inflammation along with decreased functional use of the wrist. Initial non-operative management of De-Quervain’s 
tenosynovitis includes the use of over-the-counter anti-inflammatory medications, supportive thumb spica bracing, and 
corticosteroid injections[3,4]. Failure of these conservative measures warrants surgical intervention[2-4].

Surgical release of the first extensor compartment is the standard of care following failure of conservative treatment 
modalities. Various surgical techniques have been described in the literature to ensure a complete release of the com-
partment. Prior studies have compared the efficacy of transverse vs longitudinal incisions to achieve a safe release of the 
compartment, with both techniques having their own risks and benefit profiles[5-8]. Novel techniques including 
ultrasound guided and percutaneous release of the first dorsal compartment have also been studied to ensure efficacy 
and safety[9,10]. However, surgical intervention does pose risk, mainly to the superficial radial nerve which courses in 
close proximity to the surgical incision. The literature has closely documented the course and associated branches of the 
superficial radial nerve, which can arise 1.5 cm-2 cm proximal to Lister’s tubercle and 5 cm-8 cm from the radial styloid, 
placing great emphasis on meticulous care to avoid iatrogenic nerve injury during release of the tendon sheath[11-15].

Interestingly, multiple anatomic variants and sub-sheaths within the compartment itself can hinder a complete surgical 
release and resolution of clinical symptoms. Cadaveric studies have documented varying numbers of tendons and tendon 
slips of the APL in the first dorsal compartment[16-18]. Differing numbers of subsheaths and septi between tendons were 
found once the compartment was exposed, requiring further dissection to ensure a complete release of all constricting 
factors on the tendon sheath[18-20].

However, there is currently a paucity of literature that accurately demonstrates the exact anatomic location of the first 
dorsal compartment at the level of the wrist[21,22]. The inability to accurately replicate a reliable surgical incision into the 
first compartment places the superficial radial nerve at risk and may lead to inadequate releases based on sub-sheath vari
-ability. Therefore, the inability to create reproducible incisions intra-operatively can lead to unnecessary dissection into 
other extensor compartments, damage to surrounding neurovascular structures, increased operative time, and wound 
complications.

The aim of this study is to determine the precise anatomic location of the first dorsal compartment in relation to bony 
surface landmarks in order to create reliable and replicable surgical incisions. Secondary aims of this project are to 
document the location of the superficial radial nerve and to document the variances in the first compartment sub-sheaths. 
In doing so, our aim is to create a surgical protocol that will ensure a complete first compartment release without injury to 
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the surrounding neurovascular structures when treating De-Quervain’s tenosynovitis.

MATERIALS AND METHODS
Six cadaveric forearms were obtained to perform this study including four left and two right forearm specimens. All 
specimens included the entire forearm and hand from the proximal ulna to the fingertips. In total, four cadavers were 
male and two were female. All cadaver specimens were obtained from different individuals. Cadaver specifications 
included age ranges from thirty to sixty years of age. The two right forearm specimens were from a sixty-year-old male 
and a thirty-seven-year-old female specimen. Of the four left forearm specimens, three were from male cadavers while 
one forearm was from a female cadaver. The age ranges for the left forearm cadavers included a fifty-five-year-old male, 
fifty-eight-year-old male, thirty-three-year-old male, and a thirty-two-year-old female.

Inclusion criteria for our study included cadaver models within age ranges of 30-60 with no prior trauma history or 
surgical intervention to the wrist and hand region that would otherwise confound results from a soft tissue standpoint. 
Exclusion criteria included cadavers with prior history of wrist or hand surgical intervention. Cadavers with a history of 
surgical history including retained hardware, prior fractures, history of skin grafting, or soft tissue or bony trauma were 
excluded. All specimens included the entire forearm and hand from the proximal ulna to the fingertips. Any specimens 
with evidence of prior amputations related to trauma or vascular disease were excluded. Fresh frozen cadaveric forearms 
were thawed only once at which time all surgical dissections were undertaken (Figure 1). The cadaveric forearms were 
purchased using institutional research funding.

Figure 1 Histogram demonstrating superficial landmark data points for six cadaveric specimens. Each data bar demonstrates the value obtained 
for the cadaveric forearm specified in the legend provided. Notably, all variables do not demonstrate a significant outlier and maintain a close distribution of variables 
independent of laterality, age, and sex of the specimen. This demonstrates that the radial styloid, wrist crease, and Lister’s tubercle are all reliable markers to use to 
determine the location of the first dorsal compartment.

Surgical technique
All cadaveric dissections and data measurements were performed by a single fellowship trained hand and upper ext-
remity orthopaedic attending surgeon under loupe magnification. Dissection was performed in one sitting with all 
cadaveric arms having undergone the same timeframe of thawing. A longitudinal incision was used for all specimens 
centered dorsally over the radial styloid and extended proximally to ensure full exposure of all structures. Dissection was 
performed using a #15 scalpel to incise skin and dermis. Metzenbaum scissors were subsequently used to dissect sub-
cutaneous tissues in order to identify structures such as the superficial radial nerve, the first dorsal compartment, and all 
associated sub-sheaths. The entire first dorsal compartment, extensor retinaculum, and available branches of the 
superficial radial nerve were identified and marked. After appropriate exposure was achieved, the pre-determined 
variables were measured using caliper instruments (Figure 2A-D).

Variables of interest
Various data points were obtained to maximize a reproducible surgical site incision over the first dorsal compartment. 
The length of the distal phalanx of the thumb and the distance from the thumb distal interphalangeal joint to the tip of the 
digit were two topographical data points that were collected. Creating an incision centered over the first dorsal 
compartment based on those two measurements was analyzed to determine the proximity of those values to the extensor 
retinaculum. The overall length of the extensor retinaculum was obtained and served as a key measurement that allowed 
comparison measurements from other landmarks (Figure 2A). Other landmarks of interest included Lister’s tubercle, the 
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Figure 2 Cadaveric dissection. A: Initial cadaveric dissection of the first dorsal compartment. Right forearm cadaver model with a longitudinal incision centered 
over the first dorsal extensor compartment. Superficial dissection through the subcutaneous fat was performed with a scalpel blade and Metzenbaum scissors. Deep 
dissection and retraction of the soft tissues demonstrates the underlying musculature and extensor retinaculum as shown by the black arrow; B: Full length view of 
the extensor retinaculum. Cadaveric dissection demonstrating the full extent of the extensor retinaculum. Caliper measurements were performed as demonstrated in 
this graphic. The average length of the extensor retinaculum from its proximal to its distal length was 26.82 mm ± 3.34 mm; C: Deep dissection of the radial styloid 
and extensor retinaculum. Dissection demonstrating the most distal aspect of the radial styloid to the most distal aspect of the extensor retinaculum. An 18-gauge 
needle is used to mark the radial styloid process. The length from the radial styloid to the initial aspect of the extensor retinaculum measured 2.98 mm ± 0.99 mm; D: 
Anatomic relationship shown between Lister’s tubercle to the first dorsal extensor compartment. Lister’s tubercle is seen marked by the most distal aspect of the 
caliper, while the first extensor compartment shown by the proximal caliper marker. The distance from Lister’s tubercle to the proximal aspect of the retinaculum 
measured 13.37 mm ± 2.94 mm while distance from Lister’s tubercle to the start of the first dorsal compartment was 18.43 mm ± 2.01 mm; E: Multiple abductor 
pollicis longus (APL) tendon slips and sub-sheaths. Deep dissection into the first extensor compartment demonstrates multiple tendon slips of the APL tendon as 
shown by the black arrow. Four separate tendon slips are shown by the arrow, ultimately resulting in incomplete compartment release if not thoroughly dissected. The 
average number of APL tendon slips was three. A pseudo-retinaculum was also present in four out of six cadavers.

wrist crease, and the radial styloid. Obtaining distances from each of these landmarks to the extensor retinaculum were 
obtained to determine which data points reliably placed our incision over the first dorsal compartment (Figure 2B-D). 
Important other parameters that were documented included the presence or absence of the superficial radial nerve 
overlying the first dorsal compartment, additional compartment sub-sheaths, number of APL tendon slips, and the 
presence of a pseudoretinaculum (Figure 2E). All measurements were obtained using the same methodology in each 
cadaveric forearm.

Statistical analysis
Cadaveric measurement data were analyzed using descriptive statistics. The mean, standard deviation and standard error 
values were calculated manually using standard equations. Confidence intervals were then computed manually using 
standard formulas prior to the creation of the data figures and tables. Statistical review of the study was performed by a 
biomedical statistical team at our home institution.

RESULTS
Data points from all six cadavers were analyzed to determine the overall distribution of each variable of interest 
(Figure 1). Data gathered remained in proximity within each variable analyzed as no significant outliers were seen after 
histogram analysis (Figure 1). All measurements from the six cadavers were also averaged prior to comparison amongst 
the other data points. The average length of the thumb distal phalanx was 30.11 mm ± 3.39 mm while the average length 
of the distal phalanx crease to the tip of the digit was 30.70 mm ± 3.74 mm. The average length of the extensor 
retinaculum from its proximal to its distal length was 26.82 mm ± 3.34 mm. Therefore, the length from the thumb 
interphalangeal joint to the thumb tip gives a reasonable estimate of about 3 mm and can be used as a measurement to 
determine the overall length of the extensor retinaculum. The distance from the radial most aspect of the wrist crease to 
the retinaculum was 5.14 mm ± 0.80 mm. The distance from Lister’s tubercle to the proximal aspect of the retinaculum 
measured 13.37 mm ± 2.94 mm while distance from Lister’s tubercle to the start of the first dorsal compartment was 18.43 
mm ± 2.01 mm. The length from the radial styloid to the initial aspect of the extensor retinaculum measured 2.98 mm ± 
0.99 mm (Table 1).
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Table 1 Superficial landmarks and associated distance from the first dorsal compartment

Anatomic landmarks Mean (mm) SD N SE 95%CI

Distal phalanx 30.11 3.39 6 1.38 (27.40-32.82)

Distal phalanx crease to tip of 
finger

30.70 3.74 6 1.52 (27.71-33.68)

Retinaculum 26.82 3.34 6 1.37 (24.14-29.49)

Radial styloid to retinaculum 2.98 0.99 6 0.40 (2.18-3.77)

Superficial radial nerve crossing 
proximal to retinaculum

10.20 4.48 2 3.17 (3.99-16.40)

Wrist crease to retinaculum 5.14 0.80 6 0.33 (4.50-5.78)

Listers tubercle to retinaculum 13.37 2.94 6 1.20 (11.02-15.73)

Listers tubercle to 1st dorsal 
compartment

18.43 2.01 6 0.82 (16.82-20.04)

Separate EPB compartment 0.66 N/A 6 N/A

Number of APL slips 3.00 0.63 6 0.26 (2.49-3.51)

Pseudo-retinaculum N/A N/A 4 N/A

Various data points and anatomic landmarks obtained from the cadaveric dissection presented as averages for all specimens included in the study. The 
average length of the extensor retinaculum was 26.82 mm ± 3.34 mm. The distance from the radial most aspect of the wrist crease to the retinaculum was 
5.14 mm ± 0.80 mm. The distance from Lister’s tubercle to the proximal aspect of the retinaculum measured 13.37 mm ± 2.94 mm while distance from 
Lister’s tubercle to the start of the first dorsal compartment was 18.43 mm ± 2.01 mm. The presence of a pseudo-retinaculum and separate extensor pollicis 
brevis compartments were only seen in 4 out 6 cadavers. Average abductor pollicis longus slips in all cadavers was 3. Of note, the superficial radial nerve 
was only seen in two cadaver dissections. SD: Standard deviation; N: Sample size; SE: Standard error; CI: Confidence interval; EPB: Extensor pollicis brevis; 
APL: Abductor pollicis longus; N/A: Not available.

Only two cadavers had a superficial radial nerve that crossed over the first dorsal compartment. In two cadaver spec-
imens, the superficial radial nerve was initially encountered at 7.03 mm and 13.36 mm proximal to the most proximal 
aspect of the extensor retinaculum. In both of those dissections, the superficial radial nerve was seen continuing its course 
directly dorsal over the extensor retinaculum and radial to the radial styloid. The superficial radial nerve was not 
encountered even with thorough dissection in the remaining four cadavers. Four out of six cadaveric forearms had a 
separate EPB compartments and sub-sheaths. The average number of APL tendon slips was three. A pseudo-retinaculum 
was also present in four out of six cadavers. A pseudo-retinaculum was not appreciated in cadavers that did not have a 
separate EPB sub-sheath (Table 1).

DISCUSSION
De-Quervain’s tenosynovitis warrants surgical intervention in patients who continue to suffer from significant wrist pain 
and decreased function after failing conservative modalities including physical therapy, anti-inflammatory medications, 
and corticosteroid injections. Surgical release of the first extensor compartment at the level of the wrist has been well 
documented with multiple different techniques implementing either longitudinal or transverse incisions. Risk of 
iatrogenic injury to the superficial radial nerve, decompressing the incorrect compartment, tendon injury, and incomplete 
release of the compartment can lead to significant patient morbidity. Currently, there has not been a documented repro-
ducible incision that reliably places surgeons in the first dorsal compartment that ensures a safe and complete surgery.

Wilhelmi et al[23] demonstrated that the distance from the palmar digital crease to the proximal interphalangeal crease 
(mean, 2.42 cm ± 0.03 cm) correlated to the distance of the proximal edge of the A1 pulley from the digital palmar crease 
(mean, 2.45 cm ± 0.03 cm). They determined that surface landmark ratios can be a reliable and reproducible tool that can 
lead to successful A1 pulley release without complication in trigger finger surgery[23]. Hazani et al[21] performed a bony 
landmark cadaveric study that mapped out and demonstrated that the radial styloid is 0.32 cm ± 0.57 cm from the distal 
edge of the extensor retinaculum.

Our study demonstrated that the radial styloid was similarly only 2.98 mm ± 0.99 mm from the distal aspect of the 
retinaculum. Notably, we also noted that Lister’s tubercle is only 13.37 mm ± 2.94 mm from the proximal aspect of the 
retinaculum and 18.43 mm ± 2.01 mm from the first compartment itself. The most radial aspect of the wrist crease is only 
about 5 mm distal to the retinaculum as well. The length from the thumb interphalangeal joint to the thumb tip provides 
an estimate of about 3 mm for the entire distance from the radial styloid to the end of the retinaculum. Thus, any incision 
extending 3 cm distal to the radial styloid will place the surgeon at end of the retinaculum, establishing a complete 
release. Ultimately, placing an incision 3 mm from the radial styloid, 2 cm from Lister’s tubercle, and 5 mm from the 
radial wrist crease can be used to safely place the incision at the level of the first dorsal compartment.
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Matzon et al[24] demonstrated the common presence of multiple APL slips in 78% of patients and found that 55% of 
patients had two subsheaths while 8% had three subsheaths. Kulthanan and Chareonwat[25] re-affirmed those results 
and demonstrated in contrast that the EPB had a single tendon in 98% of cases. Their study demonstrated that the APL 
had multiple slips in 89% of cases (P < 0.001)[25]. Our cadaver forearms had a mean of 3 separate APL slips, with mul-
tiple slips being present in each case. EPB sub-sheaths were present in 67% of our cadaveric cases. Therefore, we 
recommend a thorough evaluation intra-operatively to document and subsequently release all noted APL slips and to 
also release all EPB sub-sheaths as they will be present in the majority of cases. Being cognizant of this anatomic variant 
intra-operatively will allow for a full surgical release that can be accomplished during each case.

Importantly, Samarakoon et al[12] found that the superficial radial nerve branches 5.1 cm proximal to the radial styloid. 
They also found that the superficial radial nerve can branch 0.4 cm from the center of the first dorsal compartment and 1.6 
cm from Lister’s tubercle[12]. Gurses et al[11] found that the lateral dorsal digital branch to the thumb, off of the 
superficial radial nerve, coursed directly over the first dorsal compartment in 8 out of 20 cadavers. In our study, we found 
the superficial radial nerve present in close proximity in only 2 out of the 6 cadavers (7.03 mm and 13.36 mm proximal to 
the retinaculum). The other four dissections did not demonstrate a clear superficial radial nerve nearby our surgical site. 
However, if the superficial bony landmark measurements stated above are followed, we anticipate that the superficial 
radial nerve will not be encountered as unnecessary dissection will not be undertaken.

The main limitation of our study includes the small sample size. We were only able to perform six cadaveric diss-
ections which limits the overall data points available for comparison to other studies and diminishes the overall generat-
ability to the general population. Ultimately, a higher sample size of cadaveric forearms could be dissected in the future 
to obtain a larger data set.

CONCLUSION
Superficial landmarks are a reliable way to create a reproducible incision over the first dorsal compartment in order to 
obtain a complete release and protect the superficial radial nerve. Creating an incision that measures 3 mm proximal from 
the radial styloid, 2 cm proximal from Lister’s tubercle, and 5 mm radial from the radial wrist crease will safely place 
surgeons at the level of the first dorsal compartment. Extending the incision 3 cm proximal to the radial styloid will fully 
encompass the extensor retinaculum and allow for a complete release. The APL tendon does reliably have multiple slips 
and the EPB does contain multiple sub-sheaths in the majority of cases, which are important anatomic variants to be 
cognizant of intra-operatively.
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