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Objectives: To analyze the clinical outcomes of “dynamic hook technique” 

combined with the Allgöwer-Donati suture technique in reducing incisional 

complications and Incisional pain after calcaneal fracture surgery.

Methods: Totally, 93 patients with calcaneal fractures who underwent open 

reduction and internal fixation were included and divided into control and 

observation groups. In the observation group, the flap was elevated using the 

“dynamic hook technique”, while in the control group, the flap was elevated 

using the static Kirschner needle lifting technique. The flap in the two groups 

were sutured using the Allgöwer-Donati sutures. Postoperative complications, 

including tension blisters surrounding the incision, necrosis of the incision 

flap, and the steel plate exposure were analyzed. The Visual Analog Scale 

(VAS) was utilized to assess postoperative incision pain at 3 days, 1 and 2 

weeks post-surgery. All patients were followed up for a duration of 3–6 

months, with suture removal occurring 2–3 weeks postoperatively.

Results: The incidence of complications was significantly lower in the 

observation group than the the control group (4.5% vs. 18.4%, P < 0.05). The 

patients in the observation group had significantly lower VAS pain scores at 

each time point after surgery when compared to the control group (P < 0.05).

Conclusion: The combination of the “dynamic hook technique” and the 

Allgöwer-Donati suture is effective in preventing incisional complications and 

alleviating postoperative pain after open reduction and internal fixation for 

calcaneal fractures.
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1 Introduction

Calcaneal fractures are the most common tarsal fractures, with 

traumatic axial loading, such as heel strike when falling from a 

height as the common causes (1). Sanders type II–IV calcaneal 

fractures often require surgical treatment. Sanders III and 

Sanders IV calcaneal fractures are generally severely 

comminuted. Currently, the most classic surgical method is the 

use of the extensile lateral approach (ELA) to open a skin &ap 

combined with internal fixation with a steel plate (2). Since the 

soft tissue around the calcaneus has less coverage and poor 

blood supply, early use of the ELA to lift the skin &ap combined 

with steel plate internal fixation for the treatment of calcaneal 

fractures can lead to complications, such as necrosis of the 

broken end of the skin &ap, infection, delayed healing, and steel 

plate (3–5). When using the ELA to fully expose the fracture 

end during calcaneal fracture surgery, a common method is to 

use three Kirschner wires to retract the skin &ap. This method 

often increases the pressure on the skin &ap and affects the skin 

if the operation time is long. The postoperative suture method is 

also very important. A previous study reported that compared 

with the improved interrupted vertical mattress suture 

(Allgöwer-Donati suture), the previous interrupted vertical 

mattress suture (Donati suture) significantly increased the blood 

supply to the incision &ap, thus reducing the healing rate of the 

skin &ap (6). In order to solve the above problems, this study 

used retractors to dynamically traction the skin &ap (referred to 

as the “dynamic hook technique”), and adopted the modified 

interrupted vertical mattress suture method (Allgöwer-Donati 

suture method) to expose and suture the skin &ap. The purpose 

of the study was to investigate the effect of dynamic hook 

technique combined with Allgöwer-Donati suture method in 

preventing incisional complications and pain after surgical 

treatment of calcaneal fractures.

2 Materials and methods

2.1 Participants

A total of 93 patients with calcaneal fractures who underwent 

open reduction and internal fixation through the ELA in NO.2 

People’s Hospital of Fuyang City and Fuyang Cancer Hospital 

from January 2019 to December 2023 were included. All 

patients were randomly grouped using a digital table method. 

There were 44 patients in the observation group and 49 patients 

in the control group. Patients in the observation group used the 

dynamic hook technique to open the skin &ap during the 

operation, with Allgöwer-Donati suture method being used to 

suture the skin &ap postoperatively. And Patients in the control 

group used the static K-wire lifting technique to open the skin 

&ap during surgery, with the Allgöwer-Donati suture method 

being used to suture the skin &ap postoperatively.

All patients had closed and simple calcaneal fractures that 

were classified using the Sanders classification (7). Patients who 

had other diseases, such as deep vein thrombosis of the lower 

limbs, diabetes, immune system diseases, tumors were excluded.

This study was approved by the Ethics Committee of NO. 2 

People’s Hospital of Fuyang City. All enrolled patients signed 

informed consent.

2.2 Preparation of soft tissue conditions at 
the incision site

All patients undergo swelling reduction of the affected foot 

prior to surgery, which is conducted when the skin wrinkle test 

yields a positive result. The skin wrinkle test is performed by 

placing the foot in slight dorsi&exion and eversion, followed by 

gentle compression of the skin above the lateral aspect of the 

calcaneus. A positive result is indicated by the presence of 

skin wrinkling.

2.3 Surgical technique

All patients were positioned in the lateral decubitus position 

during the procedure. An ELA was made on the lateral 

calcaneus, and the skin &ap was meticulously dissected 

subperiosteally, with careful attention paid to protect the sural 

nerve throughout the operation.

In the control group, two commonly used Kirschner wires 

were secured at the anterior and posterior aspects of the talus 

during the process of opening the skin &ap to expose the 

articular surface and facilitate reduction. Additionally, one 

Kirschner wire was fixed to the cuboid bone, and the bent 

Kirschner wire was utilized to assist in opening the &ap.

In the observation group, two thyroid hooks were employed to 

elevate the skin &ap, and these retractors were also used to 

maintain exposure of the joint surface during reduction. When 

opening the skin &ap, the thyroid hook should be positioned 

perpendicular to the incision direction, ensuring full contact 

with the skin &ap. During reduction, the thyroid hook’s position 

must be adjusted according to the fracture block’s location. 

After satisfactory reduction of the fracture ends, the thyroid 

hook should be released during &uoroscopy. While fixing the 

steel plate, the thyroid hook should be used to lift the &ap 

corresponding to the screw during insertion. In this surgery, the 

thyroid hook not only provides a large contact area with the 

skin &ap but also remains in a dynamic state; during 

intraoperative &uoroscopy, the skin &ap is completely relaxed. 

These operational techniques facilitate blood reperfusion of the 

skin &ap after traction. The principle of force control when 

lifting the skin &ap during thyroid hook surgery is to fully 

expose the surgical field while performing gentle maneuvers. 

This approach is referred to as the “dynamic hook technique” 

proposed in this study.

The fractures in both groups were reduced and stabilized using 

calcaneal locking plates. The skin &aps in both the two groups 

were sutured using a modified interrupted vertical mattress 

suture technique, known as the Allgöwer-Donati suture method. 
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This suturing technique involved the following steps: a Type 0 

antibacterial absorbable suture was used, with the needle 

inserted from a distance away from the skin edge of the 

incision. The needle was then passed horizontally beneath the 

skin and emerged from the subcutaneous layer on the opposite 

side of the incision. The needle was turned to exit near the 

contralateral skin edge, thereby completing one suture. The 

suture was tied at the distal end of the incision, with an 

approximate distance of 1 cm maintained between each suture. 

Postoperatively, a negative pressure drainage tube was placed in 

all patients, and the incision was disinfected and bandaged.

2.4 Postoperative care

All patients received intravenous infusion of ibuprofen for 3 

days after surgery. All patients elevated the affected limb to 

minimize swelling for 48 h post-surgery and administered 

antibiotics for 24 h post-surgery. The drainage tube was 

removed when the drainage volume fell below 20 ml within 

12 h after surgery. The dressing was changed twice daily for 

the first three days following surgery, during which the blood 

supply to the skin &ap was monitored. Subsequently, the 

dressing was changed every other day, and the sutures were 

removed between 14 and 21 days after surgery. All patients 

engaged in non-weight-bearing functional exercises for a 

duration of 12 weeks, after which they transitioned to weight- 

bearing functional exercises.

2.5 Postoperative observation indicators

Postoperative observation indicators included complications at 

the incision site, including epidermal necrosis, skin &ap necrosis, 

and exposure of the steel plate. The visual analogue score (VAS) 

for surgical incision pain was assessed at 3 days, 1 and 2 weeks 

post-surgery.The VAS scores for the surgical incisions were all 

completed by the patients.

2.6 Statistical analysis

Statistical analysis was conducted using SPSS version 21.0. The 

normality of continuous variables was evaluated with the Shapiro– 

Wilk test. Quantitative data that followed a normal distribution 

were expressed as mean ± standard deviation and analyzed using 

the t-test. In contrast, quantitative data that exhibited a skewed 

distribution were reported as median (first quartile, third 

quartile) [M (Q1, Q3)] and analyzed using the Mann–Whitney 

U test. Categorical data were presented as [cases (%)] and 

analyzed using either the χ2 test or Fisher’s exact test. A P value 

of less than 0.05 was deemed statistically significant.

3 Results

No statistically significant differences were observed in age, 

gender, fracture type, injury factors, or smoking status between 

the two groups (Table 1). All patients were followed up for 

a duration of 3–6 months, with suture removal occurring 

2–3 weeks postoperatively. The waiting time for surgery, 

operation time, incision suturing time, and drainage tube 

removal time did not differ significantly between the two 

groups (Table 2). Typical cases in the observation group are 

shown in Figure 1.

In terms of incisional complications after surgery, in the 

observation group, epidermal necrosis was found in 2 patients, 

skin &ap necrosis and steel plate exposure were not noted, the 

overall complication incidence was 4.5%. Conversely, in the 

control group, 6 patients experienced epidermal necrosis, 

2 patients developed skin &ap necrosis, and 1 patient 

developed steel plate exposure, the complication incidence rate 

was 18.4%. There were statistically significant differences in 

the complication incidence rate between the two groups 

(P < 0.05, Table 2).

Furthermore, a reduction in the VAS scores was observed in 

both the observation and control groups. And patients in the 

observation group had significantly lower VAS pain scores at 

each time point after surgery when compared to the control 

group (P < 0.05, Figure 2).

TABLE 2 Comparison of the perioperative general condition and 
incisional complications between the two groups (mean ± SD).

Factors Observation 
group

Control 
group

P-value

Waiting time for surgery 

(days)

10.20 ± 1.69 10.61 ± 1.73 0.255

Surgical time (minutes) 81.1 ± 13.80 83.1 ± 14.80 0.498

Suture time of incision 

(minutes)

12.34 ± 1.14 12.49 ± 1.19 0.541

Removal time of incision 

drainage tube (days)

2.64 ± 0.49 2.59 ± 0.50 0.664

Complications [cases (%)] 2 (4.5%) 9 (18.4%) 0.039

Epidermal necrosis 2 6

Flap necrosis 2

Steel plate exposure 1

TABLE 1 Comparison of general clinical data between two groups of 
patients.

Factors Observation 
group

Control 
group

P-value

Sex 0.409

Man 41 42

Woman 3 7

Mean age 

(years)

47.3 ± 10.7 47.8 ± 10.3 0.813

Sanders type 0.850

II 14 18

III 22 3

IV 8 21

Injury type 0.713

Falling 18 20

Car accident 3 6

Falling injury 21 23

Smoke 10 15 0.392
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4 Discussion

Calcaneal fractures commonly result from falls from a height 

that impact the heel. The calcaneus has a limited blood supply, 

minimal soft tissue coverage, and a complex anatomical 

structure. Recent studies have highlighted that minimally 

invasive surgery for calcaneal fractures can significantly decrease 

postoperative complications; however, some experienced 

surgeons still prefer the ELA as the surgical approach (8, 9). The 

primary issues associated with the ELA in calcaneal fracture 

FIGURE 1 

(A) Lateral and harris view radiographs of the right displaced intra-articular calcaneus fracture with significant articular depression and comminution; 

(B) the “dynamic hook technique” exposes the flap; (C) Allgöwer-Donati suture flap and suture schematic diagram; (D) lateral and harris view 

radiographs of the right calcaneus status post fixation using fragment plate; (E) the incision was sutured 2 weeks after operation, and class 

A healing was achieved; (F) follow up of incision conditions at 3 months after surgery.

FIGURE 2 

Change trends of postoperative VAS scores in two groups.
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surgery are its extensive scope and the trauma it in&icts. 

Postoperative skin &ap necrosis at the incision site can easily 

occur, potentially leading to deep infections and other 

complications that may significantly impact patients’ quality of 

life (3). Recent research involving freshly frozen cadavers 

suggests that positioning the vertical edge of the incision along 

the lateral edge of the Achilles tendon during the lateral 

calcaneal approach may help avoid damage to the calcaneal 

branch of the peroneal artery, which supplies the lateral 

calcaneal &ap (10). This adjustment could reduce the incidence 

of incisional necrosis; however, clinical trials to support this 

finding are currently lacking (10). Consequently, it is crucial to 

carefully consider preoperative timing, intraoperative techniques, 

and postoperative wound monitoring when undertaking surgical 

treatment for calcaneal fractures.

4.1 Preoperative factors

When using the ELA for calcaneal fractures, it is crucial to 

consider the timing of surgery, as this can significantly reduce 

complications associated with surgical incisions (11). Following a 

calcaneal fracture, the soft tissue surrounding the foot experiences 

considerable swelling. In the case of the ELA, it is generally 

necessary for the swelling to subside almost completely, which 

typically requires an extended period (12). All patients received soft 

tissue ice packs, had their affected limbs elevated, and engaged in 

various foot activities to mitigate swelling prior to surgery. Surgical 

intervention was deemed possible only after wrinkles appeared in 

the surrounding soft tissue skin. In this study, both the observation 

group and the control group underwent surgical treatment after 

the appearance of wrinkles in the calcaneal soft tissue, thereby 

eliminating this factor as a potential confounder. Risk factors for 

incisional complications following closed calcaneal fractures 

include surgery performed within 7 days of the fractures, surgical 

durations exceeding 1.5 h, absence of postoperative drainage, static 

skin dispersion, and patient smoking (13). Recent research 

indicates that smoking has the most significant adverse effect on 

the healing of skin &aps after calcaneal fracture surgery (14). 

Consequently, it is imperative for all patients preparing for surgery 

to abstain from smoking both prior to the procedure and until the 

wound has fully healed. In this study, 2 patients in the observation 

group who experienced epidermal necrosis had a long-term 

smoking history prior to surgery, while in the control group, five 

out of eight patients with postoperative incisional complications 

also had a long-term smoking history. However, there was no 

statistically significant difference in the comparison of 

postoperative incision complications between these two groups 

concerning smoking factors (P > 0.05), thereby excluding the 

in&uence of this variable on the findings of this study.

4.2 Intraoperative factors

The duration of the operation and the protection of the skin 

&ap are critically important during surgical procedures. 

Prolonged operation times significantly increase the 

postoperative incision infection rates (15), while the use of a 

tourniquet can notably reduce the duration of surgery (16). In 

this study, tourniquets were employed on all patients. The 

operation times for the two patient groups did not significantly 

impact the study outcomes (P > 0.05, Table 2). Experienced 

surgeons can substantially lower the infection rates of incisions, 

achieving rates as low as 1.8% (17, 18). This study was 

conducted by two senior physicians. Previously, three Kirschner 

wires were utilized to elevate the skin &ap during fracture 

reduction. Extended operation times resulted in prolonged 

pressure from the Kirschner wires on the skin &ap, adversely 

affecting its blood supply. To address these concerns, we 

adopted the use of two thyroid retractors to elevate the skin &ap 

during surgery. The larger contact area between the thyroid 

retractors and the skin &ap allows for better control of the 

pressure exerted during the procedure. Furthermore, if the 

operation time extends or repeated &uoroscopy is necessary, the 

thyroid retractors can be loosened to restore ischemic perfusion 

to the skin &ap, thereby reducing the incidence of postoperative 

complications. This approach is referred to as “dynamic hook 

technique”. In this study, full-thickness incisions were 

performed on anesthetized pigs, employing various wound 

closure techniques, including simple, vertical mattress, 

horizontal mattress, and Allgöwer-Donati suture. It was 

determined that the Allgower-Donati suture method had the 

least detrimental effect on cutaneous blood &ow at the wound 

margins (19). Additionally, the use of a finger retractor in 

conjunction with a modified interrupted vertical mattress suture 

(Allgöwer-Donati suture) significantly reduced &ap necrosis 

postoperatively (20). The choice of suturing technique is crucial 

in minimizing complications associated with incisions for 

calcaneal fractures. Specifically, the modified interrupted vertical 

mattress suture (Allgöwer-Donati suture) has been shown to 

markedly decrease postoperative complications and enhance 

incision healing. In this study, all &aps in the middle and late 

stages of the 43 patients treated for calcaneal fractures using the 

“dynamic hook technique” alongside the Allgöwer-Donati suture 

method achieved complete healing, with only two cases of 

incisional epidermal necrosis reported. Notably, the Allgöwer- 

Donati suture method was also utilized in the control group, 

demonstrating its effectiveness in both the observation and 

control groups. Furthermore, the intraoperative “dynamic hook 

technique” exhibited a more pronounced impact on the study of 

postoperative incision complications.

4.3 Postoperative factors

All patients had negative pressure drainage tubes placed 

postoperatively. The use of a negative pressure drainage tube 

following surgery can alleviate pressure on the skin &ap 

resulting from bleeding at the calcaneal fracture site, thereby 

facilitating incision healing. The drainage tube remains in place 

for 1–3 days post-surgery and is removed when the drainage 

volume within a 24 h period falls below 20 ml.
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In this clinical study, the author posits that utilizing the ELA 

to treat calcaneal fractures necessitates careful protection of the 

skin &ap during the procedure to minimize incision-related 

complications. Previously, the author opened the skin &ap and 

employed three Kirschner wires along with a modified 

interrupted vertical mattress suture (Allgöwer-Donati suture) for 

closure. Currently, the author utilizes two thyroid retractors to 

dynamically elevate the skin &ap in conjunction with the 

modified interrupted vertical mattress technique. The incision is 

subsequently sutured using the Allgöwer-Donati method. After 

controlling for other variables that may in&uence the incision 

&ap, it is evident that the application of “dynamic hook 

technique” during surgery not only significantly reduces 

postoperative incision complications (as shown in Table 2) but 

also alleviates postoperative incision pain (Figure 2).

This study presents several limitations. First, the study does 

not investigate whether this technology can mitigate clinical 

complications and incision pain under conditions that may 

affect postoperative incision healing. Second, the sample size of 

this study is relatively small, further studies with larger sample 

size are required. Furthermore, the research was conducted at 

two local tertiary hospitals, where the intensity of assistance 

using the thyroid retractor varied. Future studies should involve 

the same surgeon performing surgical operations with consistent 

assistants to minimize iatrogenic interference. Additionally, the 

study lacks a comparative analysis of the biomechanics between 

three Kirschner wire-opening &aps and thyroid dynamic 

retraction &aps, and further research is needed in the later stage. 

While a thyroid retractor was utilized to open the skin &ap in 

this study, future considerations may involve designing a new 

retractor that is more suitable for opening the calcaneal skin &ap.

5 Conclusions

The “dynamic hook technique” combined with the Allgöwer- 

Donati suture method demonstrates effectiveness in preventing 

incision-related complications and reducing postoperative pain 

after open reduction and internal fixation for calcaneal fractures, 

thus warranting its promotion in clinical applications.

Data availability statement

The original contributions presented in the study are included 

in the article/Supplementary Material, further inquiries can be 

directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by the Ethics 

Committee of NO. 2 People’s Hospital of Fuyang City. The 

studies were conducted in accordance with the local legislation 

and institutional requirements. The participants provided their 

written informed consent to participate in this study.

Author contributions

BL: Data curation, Formal analysis, Investigation, Writing – 

original draft. LM: Formal analysis, Investigation, Writing – review 

& editing. DX: Data curation, Formal analysis, Writing – review & 

editing. CC: Formal analysis, Methodology, Writing – 

review & editing. HZ: Data curation, Investigation, Writing – 

review & editing. HW: Methodology, Resources, Writing – review 

& editing. BZ: Data curation, Investigation, Writing – review & 

editing. GW: Conceptualization, Methodology, Validation, 

Writing – review & editing. HY: Conceptualization, Supervision, 

Validation, Writing – review & editing.

Funding

The author(s) declare that no financial support was received 

for the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 

absence of any commercial or financial relationships that could 

be construed as a potential con&ict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the 

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 

article has been generated by Frontiers with the support of 

artificial intelligence and reasonable efforts have been made to 

ensure accuracy, including review by the authors wherever 

possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the 

authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 

reviewers. Any product that may be evaluated in this article, or 

claim that may be made by its manufacturer, is not guaranteed 

or endorsed by the publisher.

Liu et al.                                                                                                                                                                 10.3389/fsurg.2025.1676761 

Frontiers in Surgery 06 frontiersin.org



References

1. Li Y, Bao RH, Jiang ZQ, Wu HY. Complications in operative fixation of calcaneal 
fractures. Pak J Med Sci. (2016) 32(4):857–62. doi: 10.12669/pjms.324.10225

2. Kayali H, Moghamis I, Radi M, Baroudi O, Hantouly A, Toubasi A, et al. The 
role of patient positioning in surgical fixation of the calcaneus fractures using the 
lateral extensile approach. Eur J Orthop Surg Traumatol. (2024) 34(3):1529–34. 
doi: 10.1007/s00590-023-03829-y

3. Lappalainen TA, Noponen NA, Kaarela OI, Klemola TM, Ohtonen PP, Leppilahti 
JI. Postoperative complications after displaced intra-articular calcaneal fracture 
operations. Foot Ankle Surg. (2024) 30(4):319–24. doi: 10.1016/j.fas.2024.01.006

4. Wallace B, Chhabra A, Narayanan A, O’Neill D, Xi Y, Van Pelt M, et al. Low risk 
of wound complications with Sinus tarsi approach for treatment of calcaneus 
fractures. J Foot Ankle Surg. (2022) 61(4):771–5. doi: 10.1053/j.jfas.2021.11.013

5. Volpin G, Cohen Z, Kirshner G, Shtarker H. Displaced intraarticular calcaneal 
fractures current concepts and modern management. J Foot Ankle Surg. (2014) 
1(1):24–31. doi: 10.5005/jp-journals-10040-1006

6. Shannon SF, Houdek MT, Wyles CC, Yuan BJ, Cross WW 3rd, Cass JR, et al. 
Allgöwer-Donati versus vertical mattress suture technique impact on perfusion in 
ankle fracture surgery: a randomized clinical trial using intraoperative angiography. 
J Orthop Trauma. (2017) 31(2):97–102. doi: 10.1097/BOT.0000000000000731

7. Sanders R. Displaced intra-articular fractures of the calcaneus. J Bone Joint Surg 
Am. (2000) 82(2):225–50. doi: 10.2106/00004623-200002000-00009

8. Fischer S, Meinert M, Neun O, Colcuc C, Gramlich Y, Hoffmann R, et al. 
Surgical experience as a decisive factor for the outcome of calcaneal fractures using 
locking compression plate: results of 3 years. Arch Orthop Trauma Surg. (2021) 
141(10):1691–9. doi: 10.1007/s00402-020-03649-3

9. Kordi Yoosefinejad A, Khademi S, Vosoughi AR. Consequences of extensile 
lateral approach to the calcaneal fractures on balance and isokinetic strength of 
muscle groups crossing the ankle joint. Foot Ankle Surg. (2022) 28(6):732–7. 
doi: 10.1016/j.fas.2021.09.001

10. Sirisreetreerux N, Sa-Ngasoongsong P, Kulachote N, Apivatthakakul T. 
Location of vertical limb of extensile lateral calcaneal approach and risk of injury 
of the calcaneal branch of peroneal artery. Foot Ankle Int. (2019) 40(2):224–30. 
doi: 10.1177/1071100718802255

11. Mao JT, Chen CM, Lin CW, Lu HL, Kuo CC. Comparison of the radiographic 
and clinical outcomes between the Sinus tarsi and extended lateral approaches for 

intra-articular calcaneal fractures: a retrospective study. J Pers Med. (2024) 
14(3):259. doi: 10.3390/jpm14030259

12. Larose G, Tufescu T, Vidal R, Laxdal I. Soft tissue complications following 
extensile lateral compared with minimally invasive surgical approaches in the 
operative treatment of calcaneus fractures. Can J Surg. (2022) 65(6):E792–7. 
doi: 10.1503/cjs.021221

13. Wu K, Wang C, Wang Q, Li H. Regression analysis of controllable factors of 
surgical incision complications in closed calcaneal fractures. J Res Med Sci. (2014) 
19(6):495–501.

14. Hu W, Huang C, Zhang Y, Wang X, Jiang Y. A nomogram for predicting post- 
operative wound complications after open reduction and internal fixation for 
calcaneal fractures. Int Wound J. (2022) 19(8):2163–73. doi: 10.1111/iwj.13822

15. Bandyopadhyay A, Kumar S, Mandal P. Calcaneal fractures management, 
change of clinical practice in recent years from ELA to STA: a systematic review 
and meta-analysis. Indian J Orthop. (2023) 57(6):800–17. doi: 10.1007/s43465-023- 
00871-0

16. Zhou K, Ling T, Wang H, Zhou Z, Shen B, Yang J, et al. In&uence of 
tourniquet use in primary total knee arthroplasty with drainage: a prospective 
randomised controlled trial. J Orthop Surg Res. (2017) 12(1):172. doi: 10.1186/ 
s13018-017-0683-z

17. Sanders R, Vaupel ZM, Erdogan M, Downes K. Operative treatment of 
displaced intraarticular calcaneal fractures: long-term (10–20 years) results in 108 
fractures using a prognostic CT classification. J Orthop Trauma. (2014) 
28(10):551–63. doi: 10.1097/BOT.0000000000000169

18. Knapik DM, Hermelin MJ, Tanenbaum JE, Vallier HA. Early complications 
following articular calcaneus fracture repair: evaluation of open versus 
percutaneous techniques. OTA Int. (2019) 2(4):e049. doi: 10.1097/OI9. 
0000000000000049

19. Sagi HC, Papp S, Dipasquale T. The effect of suture pattern and tension on 
cutaneous blood &ow as assessed by laser Doppler &owmetry in a pig model. 
J Orthop Trauma. (2008) 22(3):171–5. doi: 10.1097/BOT.0b013e318169074c

20. Joseph NM, Sinkler MA, Magister S, Bacharach A, Pang A, Boes K, et al. 
Fixation of displaced intra-articular calcaneus fractures is safe using either sinus 
tarsi or extensile lateral approach. Injury. (2023) 54(6):S0020-1383(23)00168-7. 
doi: 10.1016/j.injury.2023.02.036

Liu et al.                                                                                                                                                                 10.3389/fsurg.2025.1676761 

Frontiers in Surgery 07 frontiersin.org

https://doi.org/10.12669/pjms.324.10225
https://doi.org/10.1007/s00590-023-03829-y
https://doi.org/10.1016/j.fas.2024.01.006
https://doi.org/10.1053/j.jfas.2021.11.013
https://doi.org/10.5005/jp-journals-10040-1006
https://doi.org/10.1097/BOT.0000000000000731
https://doi.org/10.2106/00004623-200002000-00009
https://doi.org/10.1007/s00402-020-03649-3
https://doi.org/10.1016/j.fas.2021.09.001
https://doi.org/10.1177/1071100718802255
https://doi.org/10.3390/jpm14030259
https://doi.org/10.1503/cjs.021221
https://doi.org/10.1111/iwj.13822
https://doi.org/10.1007/s43465-023-00871-0
https://doi.org/10.1007/s43465-023-00871-0
https://doi.org/10.1186/s13018-017-0683-z
https://doi.org/10.1186/s13018-017-0683-z
https://doi.org/10.1097/BOT.0000000000000169
https://doi.org/10.1097/OI9.0000000000000049
https://doi.org/10.1097/OI9.0000000000000049
https://doi.org/10.1097/BOT.0b013e318169074c
https://doi.org/10.1016/j.injury.2023.02.036

	Analysis of the clinical efficacy of “dynamic hook technique” combined with the Allgower-Donati suture method in the surgical incision for calcaneal fractures
	Introduction
	Materials and methods
	Participants
	Preparation of soft tissue conditions at the incision site
	Surgical technique
	Postoperative care
	Postoperative observation indicators
	Statistical analysis

	Results
	Discussion
	Preoperative factors
	Intraoperative factors
	Postoperative factors

	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


