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Objective: Displaced intra-articular tongue-type fractures are often treated with surgical interventions, and there is a lack of consensus regarding the surgical approach. This retrospective cohort study aimed to compare percutaneous cannulated screw (PCS) fixation and plating with a minimally invasive longitudinal approach (MILA) after closed reduction for the treatment of tongue-type calcaneal fractures.

Materials and Methods: A total of 77 patients with intra-articular tongue-type calcaneal fractures between September 2015 and July 2019 were included in this study. They were randomly allocated into two groups: PCS fixation (n = 32) and MILA (n = 45). The outcome measures included demographic variables, operation time (OT), preoperative time (POT), hospital stay time (HST), blood loss, visual analog scale (VAS) scores, American Orthopaedic Foot and Ankle Society (AOFAS) hindfoot scores, postoperative complications, and imaging parameters. The patients were clinically examined at 1, 3, 6, and 12 months, with a final follow-up period of 27 months.

Results: No significant differences were observed during the follow-up in calcaneal length, height, Gissane's and Böhler's angles, VAS scores, AOFAS hindfoot scores, or complication rates between the two groups. However, the postoperative VAS scores in the PCS group were significantly lower than those in the MILA group (p < 0.05). Furthermore, the OT, POT, and HST in the PCS group were significantly shorter than those in the MILA group (p < 0.05). Blood loss was lower in the PCS group than those in the other group (p = 0.044). However, postoperative calcaneal widening was significantly smaller in the MILA group than that in the PCS group (p < 0.001).

Conclusions: After closed reduction for the treatment of tongue-type calcaneal fractures, PCS fixation was superior to MILA in terms of OT, POT, HST, blood loss, pain, and degree of comfort. Meanwhile, MILA has the advantage of restoring the calcaneal width. Under the same rehabilitation program, the two approaches showed similar abilities in maintaining the closed reduction.
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INTRODUCTION

Calcaneal fractures are a common type of fracture, accounting for >60% of fractures in tarsal bones (1). Calcaneal fractures are often caused by high-impact trauma, such as a fall from a height or traffic accident. Approximately 75% of calcaneal fractures are of the intra-articular type. Essex–Lopresti divided displaced intra-articular calcaneal fractures into the tongue and joint depression types (2). Tongue-type patterns extend into the subtalar joint, and the secondary fracture line exits posteriorly through the calcaneal tuberosity.

The displacement of intra-articular fractures usually requires surgical therapy to establish anatomical reduction and subtalar joint alignment. However, there is a lack of consensus regarding the surgical methods. The standard surgical approach is open reduction and internal fixation via an extensile L-shaped incision (3); however, complications, such as wound dehiscence and deep infection, which may result in delayed wound healing, frequently occur (4). To decrease the rate of complications, diverse minimally invasive techniques have been proposed, including arthroscopically assisted fixation, external fixation, percutaneous fixation, and various minimal incision techniques (5–10). Closed reduction is an appropriate choice for intra-articular tongue-type calcaneal fractures because the fracture block is large and can be easily reduced using leveraging technology (1).

The sinus tarsi approach is one of the most widely used minimally invasive techniques. Zhang et al. (9) reported that for the treatment of Sanders types II and III displaced intra-articular fractures of the calcaneus, the minimally invasive longitudinal approach (MILA) resulted in a lower complication rate and shorter operative time than the sinus tarsi surgical approach. Feng et al. (10) reported that percutaneous cannulated screw (PCS) fixation is superior to the sinus tarsi approach with respect to the subtalar joint activity. However, few studies have investigated the difference between PCS fixation and plating using the MILA. On one hand, the incision of plating is large, which may also damage the nerves and vessels, and the plates need to be removed after rehabilitation. However, PCS fixation has none of these disadvantages, although it is not as strong as plating and may cause fracture displacement. The primary goal of this study was to compare PCS fixation with plating using the MILA after closed reduction for intra-articular tongue-type calcaneal fractures.



MATERIALS AND METHODS

This retrospective cohort study was conducted from September 2015 to July 2019. In total, 86 patients who underwent the PCS fixation or MILA after closed reduction at Peking University Third Hospital were included in this study. The study was approved by the Medical Ethics Committee of the Peking University Third Hospital, and written informed consent was obtained from all included patients prior to surgery. The study inclusion criteria were as follows: (1) age of 18–60 years; (2) presence of closed fractures; and (3) presence of intra-articular tongue-type calcaneal fractures. Exclusion criteria were as follows: presence of (1) joint depression-type fractures, (2) open or pathological fractures, or (3) bilateral calcaneal fractures or a history of (4) previous ankle surgery, ankle, or talar fractures, (5) severe osteoporosis, or (6) diabetes mellitus. Of the 86 patients, nine were lost to follow-up because they could not be contacted or did not finish the follow-up protocol; 77 patients (89.5%) were included in the final analysis.

Two surgical methods were randomly performed on these patients according to the surgeon's preference. Therefore, the patients were retrospectively divided into two groups: the PCS group (n = 32), who underwent PCS fixation after closed reduction, and the MILA group (n = 45), who underwent plating using the MILA after closed reduction. All patient data were evaluated immediately after surgery although except during the 1-, 3-, 6-, and 12-month follow-up visits.


Preoperative Management

Preoperative calcaneal radiographs, computed tomography (CT) scans, and three-dimensional reconstruction of the injured foot were performed to evaluate the fractures. The MILA group underwent surgery after the hindfoot swelling subsided; however, the PCS group could be operated on directly. Under either epidural or spinal anesthesia, both groups were placed in the lateral decubitus position using tourniquets. All patients were operated upon by the same team of surgeons.



Surgical Technique

First, in the PCS group, two Steinmann pins (3.0 mm) were inserted through the calcaneal tuberosity into the fractured tongue fragment at a 60° angle to the plantar surface on both sides of the Achilles tendon. The tip of the Steinmann pins was stopped inside the fracture line of the posterior facet of the subtalar joint. The midfoot was bent toward the plantar surface with one hand, and the pin was held with the other hand to restore the posterior facet. Meanwhile, the assistant squeezed the calcaneus to reconstruct its width and reduce varus of the calcaneus. After the closed reduction was confirmed under C-arm guidance, two Kirschner wires (2.0 mm) were inserted parallel to the talus through the fracture line and posterior face to maintain the reduction. Under C-arm fluoroscopy guidance, three guide pins were introduced from the lateral calcaneus to the medial calcaneus, and two other guide pins were inserted through the calcaneal tuberosity. Finally, the guide pins were percutaneously replaced with appropriately sized cannulated screws, and the wounds were closed (Figures 1, 2).


[image: Figure 1]
FIGURE 1. A 19-year-old female patient who fell from a height, resulting in a tongue-type intra-articular fracture of the calcaneum. (A) Preoperative lateral X-ray and (B) preoperative axial X-ray presenting an intra-articular tongue-type calcaneal fracture with subtalar articular surface collapse, loss of Böhler's angle and Gissane's angle, significantly decreased calcaneal height/length, and significantly increased calcaneal width. (C) Postoperative lateral X-ray showing the reduction of calcaneal length, height, Böhler's angle, and Gissane's angle. (D) Postoperative axial X-ray showing the dissatisfactory restoration of the calcaneal varus. (E,G) The preoperative computed tomography (CT) scan shows a Sanders type II fracture. (F,H) Postoperative CT scan shows the reduction of the articular surface was satisfactory, but the restoration of the calcaneal width was dissatisfactory.



[image: Figure 2]
FIGURE 2. (A) In the operation on the foot in Figure 1, the Kirschner wire (2.0 mm) was inserted into the talus through the fracture line and the posterior face to maintain the reduction after the fracture was reduced by percutaneous leverage. (B,C) Guide pins were replaced percutaneously by appropriately sized cannulated screws. (D) Postoperative incision. (E) Lateral X-ray 12 months after the surgery.


In the MILA group, closed reduction and provisional fixation with two Kirschner wires were achieved in the same way as aforementioned, after which a plate of a suitable size and position was placed on the lateral skin surface of the hindfoot. Kirschner wires (2.0 mm) were introduced into the calcaneus through these holes. A 4-cm longitudinal incision was made 1 cm in front of the calcaneal tubercle. The proper plate was placed with the periosteal elevator and fixed with screws percutaneously or through the incision using the C-arm. Finally, the incisions were closed (Figures 3, 4).


[image: Figure 3]
FIGURE 3. A 31-year-old male patient who fell from a height, resulting in a tongue-type intra-articular fracture of the calcaneum. (A) Preoperative lateral X-ray and (B) preoperative axial X-ray presenting an intra-articular tongue-type calcaneal fracture with subtalar articular surface collapse, loss of Böhler's angle and Gissane's angle, significantly decreased calcaneal height/length, and significantly increased calcaneal width. (C) Postoperative incision. (D) Postoperative lateral X-ray showing the reduction of the calcaneal length and height, Böhler's angle, and Gissane's angle. (E) Postoperative axial X-ray showing the reduction of the calcaneal width. (F) Lateral X-ray 12 months after the surgery. (G) Axial X-ray 12 months after the surgery.
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FIGURE 4. (A–C) The preoperative computed tomography (CT) scan of the foot from Figure 3 shows a Sanders type II fracture. (D–F) Postoperative CT scan shows the reduction of the articular surface and the restoration of the calcaneal width were satisfactory.




Postoperative Management and Follow-Up

Radiographs and CT scans of the injured calcaneus were obtained after the surgical operation to evaluate the reduction and fixation. The two groups were instructed to perform postoperative exercises following the same rehabilitation protocol. Active and passive exercises, including the extension and plantar flexion of the toes and ankle with non-weight-bearing, were encouraged as soon as the pain could be endured on postoperative day 1. All patients had their stitches removed 2 weeks later and were instructed to touch the toe. Partial weight-bearing under protection was permitted 1 month postoperatively, full weight-bearing under protection was allowed 2 months postoperatively, and full weight-bearing without protection was suggested 3 months postoperatively when bone healing was seen on the radiological image. All patients underwent follow-up with routine physical examination and plain radiography (lateral and axial views) at 1, 3, 6, and 12 months postoperatively, and a final follow-up at 27 months. The implants were removed if the patient had indications for implant removal, such as posterior heel pain refractory to medical treatment and deep infection.

The following parameters were collected from both groups: operation time (OT), preoperative time (POT, the time from initial injury to surgery), hospital stay time (HST, the time from surgery to discharge), and blood loss. The length, width, and height of the calcaneus and the Gissane's angle, Böhler's angle, and varus or valgus angle were measured on plain radiographs. A normal Gissane's angle is 100°-130°, and a normal Böhler's angle is 25°-40° (6). When the posterior articular surface collapses due to calcaneal fracture, the Gissane's angle becomes larger, and the Böhler's angle becomes smaller. The visual analog scale (VAS) and American Orthopaedic Foot and Ankle Society (AOFAS) hindfoot scores were obtained to evaluate the function of the injured hindfoot (10). Postoperative complications were also noted.



Statistical Analysis

Statistical analyses were performed using the IBM SPSS Statistics version 25 for Windows (IBM Corp. Armonk, NY, USA). Continuous data are reported as mean ± standard error of the mean, unless otherwise noted. Continuous variables were compared using independent samples t-test when the variables were approximately normally distributed, and non-normal distributions were analyzed using the Mann–Whitney U test. The chi-squared test or Fisher's exact test (n < 40 or t < 1) was used to evaluate the categorical parameters between the two groups. Statistical significance was set at p ≤ 0.05.




RESULTS

A total of 102 adult patients with intra-articular tongue-type calcaneal fractures were treated at our university hospital between September 2016 and July 2020. Sixteen patients were excluded owing to severe medical ailments (11 patients) and those aged >60 years (five patients). A total of 86 patients were included in this study, 9 of whom were lost to follow-up because they did not finish the follow-up protocol or could not be contacted. Therefore, 77 patients with an average age of 34.8 (range, 19–58) years, including 61 men and 16 women, participated in the final study. The 77 patients were followed up for an average of 27.4 (range, 21–30) months. Of the 77 patients, 32 and 45 were treated with closed reduction and PCS fixation (PCS group) and closed reduction and plating using the MILA (MILA group), respectively.

The PCS group included 25 men and 7 women with a mean age of 36.3 (range, 19–55) years. The injured side of the foot included 17 left and 15 right feet. The injury etiologies included fall from a height (20 fractures), traffic accident (nine fractures), and other causes (three fractures). In the MILA group, 36 men and nine women, with a mean age of 33.8 (range, 20–58) years were included. The injured side of the foot included 21 left and 24 right feet. The injury etiologies included fall from a height (29 fractures), traffic accident (11 fractures), and other causes (five fractures) (Table 1). The Sanders classification of all intra-articular calcaneal fractures in this study was type II. No significant differences were found between the two groups in terms of demographics, injured foot side, or injury etiology. Blood loss was lower in the PCS group (13.8 mL) than that in the MILA group (18.2 mL, p = 0.044). The average OT was shorter in the PCS group than that in the MILA group (60.5 vs. 86.2 min, p < 0.001). The average POT was shorter in the PCS group (1.4 days) than that in the MILA group (2.5 days, p < 0.001). In the PCS group, all patients were discharged on the second day postoperatively, unless it was a holiday, and they could not go through the discharge process. However, the longest HST was 4 days in the MILA group. By contrast, the average HST was shorter in the PCS group (1.3 days) than that in the MILA group (2.1 days, p < 0.001) (Table 1).


Table 1. Comparison of the patient characteristics of the percutaneous cannulated screw (PCS) fixation group and the minimally invasive longitudinal approach (MILA) group.
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In the PCS group, two complications were observed: two patients complained of persistent pain on the lateral side of the injured foot. In the MILA group, nine complications were noted: two superficial infections, three sural nerve injuries characterized by skin numbness at the incision site, and four patients with lateral hindfoot pain. One and four patients in the PCS and MILA groups, respectively, underwent implant removal due to pain. None of the patients developed deep infections, hematomas, or osteomyelitis. Until the final follow-up, there was no subtalar arthritis observed. However, no significant differences were found in the complication rates between the two groups (Table 1).

As shown in Table 2, no significant differences were observed in the calcaneal Böhler's angle, Gissane's angle, varus or valgus angle, length, and height between the PCS and MILA groups before and after the surgery and during the follow-up period (p > 0.05). However, the calcaneal width was smaller in the PCS group than that in the MILA group during the postoperative and follow-up periods (p < 0.05).


Table 2. Radiographic results for the percutaneous cannulated screw (PCS) fixation group and the minimally invasive longitudinal approach (MILA) group.
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The functional outcomes are shown in Table 3. The VAS scores showed a decreasing trend, whereas the AOFAS hindfoot scores showed an increasing trend in both groups. The postoperative VAS scores in the PCS group were lower than those in the MILA group (p < 0.05). No significant differences were noted in the AOFAS hindfoot scores between the PCS and MILA groups at 1, 3, 6, and 12 months of follow-up and at the final follow-up (p > 0.05).


Table 3. Outcome scores for the percutaneous cannulated screw (PCS) fixation group and the minimally invasive longitudinal approach (MILA) group.
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DISCUSSION

Calcaneal fractures are the most common type of tarsal bone fractures; therefore, the treatment of calcaneal fractures has frequently been a hot topic of discussion among orthopedic surgeons. Several studies (11) have shown that the surgical treatment group has better functional outcomes than the non-surgical treatment group. The standard surgical approach is open reduction and internal fixation via an extensile L-shaped incision, which provides good results in anatomically reducing the subtalar joint (12). However, several postoperative complications present as challenges to orthopedic surgeons, such as deep wound infection, necrosis, and hematoma, owing to the large surgical incision (12). For this purpose, a number of minimally invasive techniques with less trauma to the soft tissues have been proposed (1, 3, 5, 6, 8–10). Whichever technique is applied, the principles of anatomic reduction and rigid fixation remain the same (13).

In our study, the first step in both fixation methods was closed reduction with Steinmann pins. Displaced intra-articular calcaneal fractures were divided by Essex–Lopresti (2) into tongue and joint depression types. Tongue-type fractures that could result in superior and posterior displacement of the displaced fragment are typically treated with percutaneous pin fixation because the fracture mass is large and can be easily reduced by leveraging technology (1, 7, 14). It is a critical step to restore the three-dimensional reconstruction of the calcaneal anatomy and the contact surface between the talus and calcaneus as much as possible for the surgery (3). Abdelgaid (15) confirmed that the function of the calcaneus and subtalar joint could be restored by percutaneous reduction and fixation in patients with displaced tongue-type intra-articular calcaneal fractures.

The radiographic parameters in the two different fixation approach groups were improved compared with the preoperative measurements. No statistically significant differences in radiographic parameters of the calcaneus, except for the calcaneal width, were found postoperatively or during the follow-up. Therefore, the role of PCS fixation in restoring the calcaneal width might be weaker than that of the MILA in our study; however, the two approaches have similar effectiveness in maintaining the reduction. Several studies have shown that a method that combines percutaneous reduction with cannulated screw fixation, which is applicable to all types of intra-articular calcaneal fractures, could achieve anatomic reduction and effectively prevent the loss of reduction (1, 15, 16). Studies have reported that screw fixation of calcaneal fractures has biomechanical stability similar to that of the plating technique (17, 18). However, in the studies by Kir et al. (3) and Feng et al. (10), compared with cannulated screw fixation, the plate fixation procedure had its own advantages in improving the calcaneal width. Kir et al. believed that this may be partially explained by the compressive force and better maintenance of the stabilization of the plate compared with that by the screw. The results of our study are consistent with those of Kir et al. and Feng et al. in that calcaneal widening could be improved by plate fixation. Furthermore, the restoration of the calcaneal varus was dissatisfactory in two patients in the PCS group and four patients in the MILA group. None of the six patients, however, experienced long-term postoperative pain.

With respect to short-term clinical outcomes, PCS fixation was superior to MILA. As a type of longitudinal fracture that exits the calcaneal tuberosity posteriorly and involves a portion of the articular surface, tongue-type calcaneal fractures are often superiorly and dorsally displaced by the pull of the gastroc-soleus complex (19). Early surgery is necessary because displacement may place significant strain on the relatively thin skin of the heel, eventually leading to necrosis (20). Minimally invasive plate fixation could not be performed until the hindfoot swelling subsided because untimely surgery increased the risk of incisional complications, for which a shorter POT was a strong piece of evidence. The shorter HST and lower postoperative VAS scores indicated that PCS fixation sped up the postoperative rehabilitation of patients and created favorable conditions for postoperative functional exercise.

All the patients in our study were encouraged to begin early postoperative rehabilitation following the same rehabilitation protocol and received regular follow-up. In the long-term follow-up, no statistically significant differences were noted in the VAS and AOFAS hindfoot scores between the two groups, indicating that the curative effects of the two methods were similar. This is consistent with the results of several previously reported studies (21, 22).

In our study, postoperative complications and the probability of returning to the operating room were not significantly different between the PCS and MILA groups. However, PCS fixation was associated with a low risk of wound-healing complications. The shorter OT and less interference with the blood supply to the lateral aspect of the hindfoot in the PCS group may help reduce the incidence of infection. Sural nerve injury was more likely to occur in the MILA group owing to the position of the nerve. Furthermore, a higher proportion of patients with the MILA complained of lateral hindfoot pain than those with PCS fixation. Clare and Crawford (23) reported that peroneal tenosynovitis and stenosis, which may cause lateral hindfoot pain, mainly result from the expanded lateral wall of the calcaneus. Consequently, the peroneal tendons subluxate and cause them to impinge on the tip of the fibula or cause frank dislocation over the fibula (10, 23). However, peroneal tenosynovitis and stenosis were more likely to occur in the MILA group with a smaller mean calcaneal width after surgery than that in the PCS group in this study. In the MILA group, four patients reported that the pain had lessened after the implants were removed. Related studies have suggested that soft tissue adhesions and implant prominence can contribute to similar symptoms following surgical management (23, 24). Furthermore, Chotikkakamthorn et al. (25) believed that peroneal tendon irritation to the plate was the primary source of pain because screw fixation was unlikely to impinge the peroneal tendon. Thus, we postulate that pain could be caused by a combination of these two factors. However, this hypothesis still needs to be tested in future studies.

This study had a few limitations. First, this was a single-center retrospective cohort study with a small sample size. Therefore, multicenter randomized controlled trials are required to avoid selection bias. Second, owing to the relatively short follow-up time, long-term complications, such as subtalar arthritis, could not be assessed. Finally, errors in the patient records during follow-up may have led to trial errors.



CONCLUSION

Plate fixation was found to be better than screw fixation in the recovery of the calcaneal width after closed reduction for the treatment of tongue-type calcaneal fractures. However, PCS fixation had a shorter OT, less blood loss, shorter time between initial injury and surgery, shorter time between surgery and discharge, and lower postoperative VAS scores than the MILA. Under the same rehabilitation program, the two approaches showed similar effectiveness in maintaining reduction.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Medical Ethics Committee of the Peking University Third Hospital. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

YL, FZ, YT, and YG conceived and designed the study. YC, SG, and YZ collected the clinical data. YC and ZC performed the statistical analysis. YC and XX drafted the manuscript. YL revised the paper. All authors contributed to the manuscript and approved the submitted version.



FUNDING

This work was supported by the National Key R&D Program of China (No. 2018YFF0301102).



REFERENCES

 1. Ebrahimpour A, Kord MHC, Sadighi M, Chehrassan M, Najafi A, Sajjadi MM. Percutaneous reduction and screw fixation for all types of intra-articular calcaneal fractures. Musculoskelet Surg. (2021) 105:97–103. doi: 10.1007/s12306-019-00635-w

 2. Essex-Lopresti P. The mechanism, reduction technique, and results in fractures of the os calcis. Br J Surg. (1952) 39:395–419. doi: 10.1002/bjs.18003915704

 3. Kir MC, Ayanoglu S, Cabuk H, Dedeoglu SS, Imren Y, Karslioglu B, et al. Mini-plate fixation via sinus tarsi approach is superior to cannulated screw in intra-articular calcaneal fractures: a prospective randomized study. J Orthop Surg. (2018) 26:2309499018792742. doi: 10.1177/2309499018792742

 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. (2021). doi: 10.1053/j.jfas.2021.11.013. [Epub ahead of print].

 5. Shams A, Gamal O, Mesregah MK. Outcome of minimally invasive osteosynthesis for displaced intra-articular calcaneal fractures using cannulated screws: a prospective case series. J Foot Ankle Surg. (2021) 60:55–60. doi: 10.1053/j.jfas.2020.06.017

 6. Rastegar S, Ravanbod H, Moradi M, Moradi N. Extensile approach vs. minimally invasive technique in management of calcaneus fractures. Int J Burns Trauma. (2021) 11:27–33.

 7. Wilkinson BG, Marsh JL. Minimally invasive treatment of displaced intra-articular calcaneal fractures. Orthop Clin North Am. (2020) 51:325–38. doi: 10.1016/j.ocl.2020.02.007

 8. Arora C, Jain AK, Dhammi IK. Outcome of percutaneous fixation of calcaneal fractures: a prospective analysis in an indian population. J Foot Ankle Surg. (2019) 58:502–7. doi: 10.1053/j.jfas.2018.09.029

 9. Zhang T, Su Y, Chen W, Zhang Q, Wu Z, Zhang Y. Displaced intra-articular calcaneal fractures treated in a minimally invasive fashion: longitudinal approach vs. sinus tarsi approach. J Bone Joint Surg Am. (2014) 96:302–9. doi: 10.2106/JBJS.L.01215

 10. Feng Y, Shui X, Wang J, Cai L, Yu Y, Ying X, et al. Comparison of percutaneous cannulated screw fixation and calcium sulfate cement grafting vs. minimally invasive sinus tarsi approach and plate fixation for displaced intra-articular calcaneal fractures: a prospective randomized controlled trial. BMC Musculoskelet Disord. (2016) 17:288. doi: 10.1186/s12891-016-1122-8

 11. Dickenson EJ, Parsons N, Griffin DR. Open reduction and internal fixation vs. non-operative treatment for closed, displaced, intra-articular fractures of the calcaneus: long-term follow-up from the HeFT randomized controlled trial. Bone Joint J. (2021) 103:1040–46. doi: 10.1302/0301-620X.103B6.BJJ-2020-1962.R2

 12. Xia S, Lu Y, Wang H, Wu Z, Wang Z. Open reduction and internal fixation with conventional plate via L-shaped lateral approach vs. internal fixation with percutaneous plate via a sinus tarsi approach for calcaneal fractures - a randomized controlled trial. Int J Surg. (2014) 12:475–80. doi: 10.1016/j.ijsu.2014.03.001

 13. De Boer AS, Van Lieshout EM, Den Hartog D, Weerts B, Verhofstad MH, Schepers T. Functional outcome and patient satisfaction after displaced intra-articular calcaneal fractures: a comparison among open, percutaneous, and non-operative treatment. J Foot Ankle Surg. (2015) 54:298–305. doi: 10.1053/j.jfas.2014.04.014

 14. White EA, Skalski MR, Matcuk GR Jr, Heckmann N, Tomasian A, Gross JS, et al. Intra-articular tongue-type fractures of the calcaneus: anatomy, injury patterns, and an approach to management. Emerg Radiol. (2019) 26:67–74. doi: 10.1007/s10140-018-1629-4

 15. Abdelgaid SM. Closed reduction and percutaneous cannulated screws fixation of displaced intra-articular calcaneus fractures. Foot Ankle Surg. (2012) 18:164–79. doi: 10.1016/j.fas.2011.07.005

 16. Ene R, Popescu D, Panaitescu C, Circota G, Cirstoiu M, Cirstoiu C. Low complications after minimally invasive fixation of calcaneus fracture. J Med Life. (2013) 6:80–3.

 17. Ni M, Wong DW, Mei J, Niu W, Zhang M. Biomechanical comparison of locking plate and crossing metallic and absorbable screws fixations for intra-articular calcaneal fractures. Sci China Life Sci. (2016) 59:958–64. doi: 10.1007/s11427-016-0010-9

 18. Rausch S, Klos K, Wolf U, Gras M, Simons P, Brodt S, et al. A biomechanical comparison of fixed angle locking compression plate osteosynthesis and cement augmented screw osteosynthesis in the management of intra articular calcaneal fractures. Int Orthop. (2014) 38:1705–10. doi: 10.1007/s00264-014-2334-x

 19. Chhabra N, Sherman SC, Szatkowski JP. Tongue-type calcaneus fractures: a threat to skin. Am J Emerg Med. (2013) 31:1151. doi: 10.1016/j.ajem.2013.02.029

 20. De Boer AS, Van Lieshout EMM, Van 't Land F, Misselyn D, Schepers T, Den Hartog D, et al. Soft tissue complications and timing of surgery in patients with a tongue-type displaced intra-articular calcaneal fracture: an international retrospective cohort study. Injury. (2018) 49:425–9. doi: 10.1016/j.injury.2017.12.008

 21. Peng Y, Liu J, Zhang G, Ji X, Zhang W, Zhang L, et al. Reduction and functional outcome of open reduction plate fixation vs. minimally invasive reduction with percutaneous screw fixation for displaced calcaneus fracture: a retrospective study. J Orthop Surg Res. (2019) 14:124. doi: 10.1186/s13018-019-1162-5

 22. Weng QH Dai GL, Tu QM, Liu Y, Lutchooman V, Hong JJ, et al. Comparison between percutaneous screw fixation and plate fixation via sinus tarsi approach for calcaneal fractures: an 8-10-year follow-up study. Orthop Surg. (2020) 12:124–32. doi: 10.1111/os.12597

 23. Clare MP, Crawford WS. Managing complications of calcaneus fractures. Foot Ankle Clin. (2017) 22:105–16. doi: 10.1016/j.fcl.2016.09.007

 24. Chen W, Li X, Su Y, Zhang Q, Smith WR, Zhang X, et al. Peroneal tenography to evaluate lateral hindfoot pain after calcaneal fracture. Foot Ankle Int. (2011) 32:789–95. doi: 10.3113/FAI.2011.0789

 25. Chotikkakamthorn N, Chanajit A, Tharmviboonsri T, Chuckpaiwong B, Harnroongroj T. Minimal invasive surgery in the management of intra-articular calcaneal fractures: a retrospective comparison of screw fixation alone vs. screw with small locking plate fixation techniques. Acta Orthop Traumatol Turc. (2021) 55:258–64. doi: 10.5152/j.aott.2021.20003

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 conflict of interest.

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.

Copyright © 2022 Cao, Xu, Guo, Cui, Zhao, Gao, Tian, Lv and Zhou. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fsurg-09-854210-t001.jpg
General information

Age (years)

Sex

Male

Female

Body mass index
Injury mechanism
Fall from a height
Traffic accident
Others

Side of injured
Left

Right

POT (days)

HST (days)

OT (min)

Blood loss ()
Complications
Wound complications
Superficial infection
Sural nerve injury
Lateral hindfoot pain
Total

Reoperation

PCS group

N=32
363+ 11.8

25
7
227 +2.4

20

17
15
14£05
1.3+ 06
605+ 11.6
138838

0

0

o
2(6.3%)
2(6.3%)
1(3.1%)

MILP group

N=45
338+ 117

36
9
228+30

29
1
5

21
24
25+16
21£09
86.2+ 13.0
18.2+ 105

2 (4.4%)
2(4.4%)
3(6.7%)
4(8.9%)
9(20.0%)
4(8.9%)

P-value

0.658
0.842

0.232
0922

0.576

<0.001*
<0.001"
<0.001*
0.044*

0.508
0.508
0.262
1.000
0.110
0.395

OT, operation time; POT, preoperation time; HST, hospital stay time. *The difference were

statistically significant (p < 0.05).





OPS/images/fsurg-09-854210-t002.jpg
Gissane’s angle (°)
Preoperative
Postoperative

1 month

3 months

6 months

12 months

Final follow-up

Bhler angle (°)
Preoperative
Postoperative

1 month

3 months

6 months

12 months

Final follow-up
Calcaneal length (mm)
Preoperative
Postoperative

1 month

3 months

6 months.

12 months

Final follow-up
Calcaneal width (mm)
Preoperative
Postoperative

1 month

3 months

6 months.

12 months

Final follow-up
Calcaneal height (mm)
Preoperative
Postoperative

1 month

3 months

6 months

12 months

Final follow-up

Varus (+) or valgus () °)

Preoperative
Postoperative
1 month

3 months

6 months

12 months

Final follow-up

*The diifference were statistically significant (p < 0.05).

PCS group

1168+ 136
1235 +£4.4
1226+ 4.1
122544
1225 £ 4.2
1226+ 4.4
1228+ 4.6

11+£563
25.0+32
248+ 30
248+27
249+27
247 +25
249+27

827 £6.1
842£57
82545
829+48
83.7+563
834%53
835+£56

464450
438+44
442 +47
43.7+42
440439
439+45
43.7 £ 4.1

438+5.0
500£4.1
494+45
500+ 4.1
49.4 £3.8
492 +47
495456

35+29
21+23
24423
27£16
25+18
25+£22
26+22

MILP group

1200+ 136
1242+ 49
1231 +49
1229+ 49
122.7+48
1224+ 4.7
1225+48

12.6+73
253+£38.7
25.1+36
250+34
251 +£34
25.0+3.2
261 +£3.1

81.2+£53
825 +6.2
80.4 £5.9
80.5+568
81.2+6.1
80.8£56
809+5.6

44431
41.3+£38.2
41.3+£3.1
413+45
M2+41
41.0£4.0
41.4+£4.1

421 £5.7
489+£3.6
48.0+38
484+34
482 £ 4.1
48.1 £ 4.6
48.2 + 4.0

45+3.1
22+16
25+16
26+16
27+18
28+17
28+17

P-value

0.228
0.363
0.587
0.922
0.913
0.598
0.375

0.591
0.897
0.804
0.865
0.885
0.864
0.934

0.562
0.438
0.148
0.096
0.064
0.099
0.116

0.251

0.015*
0.007*
0.022*
0.009"
0.010%
0.042*

0.271
0.292
0.251
0117
0.376
0.535
0.379

0.108
0.113
0.185
0.295
0.289
0.224
0275





OPS/images/fsurg-09-854210-g003.gif





OPS/images/fsurg-09-854210-g004.gif
A%
W






OPS/images/fsurg-09-854210-t003.jpg
VAS
Preoperative
Postoperative
1 month

3 months

6 months

12 months
Final follow-up
AOFAS

1 month

3 months

6 months.

12 months
Final follow-up

PCS group

64+£1.2
49+0.6
33+£1.0
06+0.7
03+06
02+£0.6
02£05

63.6+69
753+75
855+83
889+£58
90.3+6.4

MILP group

6.6+1.1
56+09
36+09
09+09
05+06
04+£06
03+06

616+7.7
78772
842490
886£57
88.2+68

*The difference were statistically significant (p < 0.05).

P-Value

0.650
0.005
0.165
0.201

0.149
0.149
0.453

0.280
0.824
0.544
0.464
0.107





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Percutaneous Cannulated Screw Fixation vs. Plating With Minimally Invasive Longitudinal Approach After Closed Reduction for Intra-Articular Tongue-Type Calcaneal Fractures: A Retrospective Cohort Study



		Introduction



		Materials and Methods



		Preoperative Management



		Surgical Technique



		Postoperative Management and Follow-Up



		Statistical Analysis







		Results



		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in surgery

Percutaneous Cannulated Screw
Fixation vs. Plating With Minimally
Invasive Longitudinal Approach After
Closed Reduction for Intra-Articular
Tongue-Type Calcaneal Fractures: A
Retrospective Cohort Study





OPS/images/fsurg-09-854210-g001.gif





OPS/images/fsurg-09-854210-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





