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Abstract

:

Two-stage revision with an antibiotic-loaded cement articulating spacer is a standard treatment for chronic prosthetic knee infection (PKI); however, mechanical complications can occur during the spacer period. There is limited evidence on the association between surgeon volume and mechanical complications after resection arthroplasty (RA) using an articulating spacer. This study aimed to compare the rates of mechanical complications and reoperation after RA with articulating spacers by surgeons with high volumes (HV) and low volumes (LV) of RA performed and analyzed the risk factors for mechanical failure. The retrospective study investigated 203 patients treated with PKIs who underwent RA with articulating spacers and were divided according to the number of RAs performed by the surgeons: HV (≥14 RAs/year) or LV (<14 RAs/year). Rates of mechanical complications and reoperations were compared. Risk factors for mechanical complications were analyzed. Of the 203 patients, 105 and 98 were treated by two HV and six LV surgeons, respectively. The mechanical complication rate was lower in HV surgeons (3.8%) than in LV surgeons (36.7%) (p < 0.001). The reoperation rate for mechanical complications was lower in HV surgeons (0.9%) than in LV surgeons (24.5%) (p < 0.001). Additionally, 47.2% of patients required hinge knees after mechanical spacer failure. Medial proximal tibial angle < 87°, recurvatum angle > 5°, and the use of a tibial spacer without a cement stem extension were risk factors for mechanical complications. Based on these findings, we made the following three conclusions: (1) HV surgeons had a lower rate of mechanical complications and reoperation than LV surgeons; (2) mechanical complications increased the level of constraint in final revision knee arthroplasty; and (3) all surgeons should avoid tibial spacer varus malalignment and recurvatum deformity and always use a cement stem extension with a tibial spacer.
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1. Introduction


Prosthetic knee infections (PKIs) occur in 1–2% of primary total knee arthroplasties (TKA) [1]. In addition, approximately 25% of revision TKAs are performed for PKIs [2]. Furthermore, PKIs increasingly concern arthroplasty surgeons due to their high financial burden on the healthcare system, large negative effect on patient outcomes, and high mortality rates [3].



Acute PKIs may be treated effectively with debridement, antibiotics, and implant retention procedure; however, chronic infections often require a two-stage revision [4]. Two-stage revision with antibiotic-loaded cement articulating spacers is a standard treatment for chronic PKIs, as it provides a greater range of motion and has better functional scores, high infection eradication, and easier revision approaches [5]. Despite their advantages, less than half of articulating spacers are considered optimally sized and positioned, and the rates of various mechanical complications, such as spacer fracture or migration, periprosthetic fracture, joint subluxation or dislocation, or extensor mechanism disruption, as high as 57%, have been reported [6]. These mechanical complications may lead to additional spacer exchange, compromised functional outcomes, prolonged treatment course, the need for more constrained prostheses, and decreased survivorship after reimplantation [7,8].



High-volume (HV) surgeons achieve better results and lower complication rates than low-volume (LV) surgeons in primary TKAs [9]. Similarly, HV surgeons have better outcomes and lower re-revision rates following aseptic revision TKA than LV surgeons, and they support the development of revision teams within arthroplasty centers to offer patients the best outcomes [10]. Furthermore, establishing a specialized PKI center with experienced surgeons performing HV infection procedures is recommended to improve the rate of reimplantation [11]. However, the effects of surgeon volume on mechanical complications following resection arthroplasty (RA) using articulating spacers remain unclear. To the best of our knowledge, only one study found that being an LV surgeon is a risk factor associated with dislocation and malalignment/malpositioning of spacers [8]. Understanding the outcomes of HV and LV surgeons is helpful in counseling patients and taking measures to improve the success of two-stage revisions.



Therefore, this retrospective study had the dual aims of comparing the rate of mechanical complications and reoperation after RA with articulating spacers by HV or LV surgeons and analyzing the risk factors for mechanical failure. We hypothesized that HV surgeons would have fewer mechanical complications and reoperations.




2. Material and Methods


2.1. Articulating Spacers


Posterior-stabilized (PS) cement articulating spacers were used (CADAS; EverYoung BioDimensions, Taichung, Taiwan) [12]. A PS spacer with a post-cam construct was fabricated intraoperatively using a silicone mold. There are six sizes of femoral and tibial trials and silicone molds available, with sizes increasing from 1 to 6. A depth scale was used in the tibial trials and molds to determine the adequate thickness of the tibial spacers.




2.2. Patients


The study was approved by the local institutional review board, and all study participants provided informed consent. The study population was retrospectively derived from a database and included 278 adult patients with chronic PKI, based on the Musculoskeletal Infection Society criteria [13], who underwent a two-stage revision with PS spacers between January 2015 and March 2022, with a minimum follow-up of 1 year. Those with incomplete radiographic data, PKIs after primary TKA with highly constrained prostheses (e.g., NexGen Legacy Constrained Condylar or Rotating Hinge Knees), PKIs after revision TKA, fungal or tuberculous PKIs, above-knee amputation or death during the spacer period, spacer period of more than 1 year, or permanent spacer retention were excluded from the study. Consequently, there were 203 included patients.



All 203 surgeries were performed by eight fellow-trained arthroplasty surgeons in one center in order to ensure similar approaches to the surgery. The patients were divided into two consecutive cohorts on the basis of the annualized volume of RAs performed by the surgeon, which was obtained by dividing the total number of RA performed by a given surgeon per year by the number of years in which a surgeon performed at least one RA [14]. The estimates were then inspected, and surgeon cutoff points were chosen to divide the patients into two approximately equal volume-based medians. In other words, there were approximately 100 patients in each cohort. Therefore, high volume was defined as ≥14 RAs/year, and low volume was defined as <14 RAs/year [8].




2.3. Surgical Technique


All antibiotic-loaded cement spacers were prepared using a 1:5 ratio of antibiotics to bone cement (CMW3; DePuy Synthes, Warsaw, IN, USA). Vancomycin and ceftazidime were routinely used [15]. All spacers were implanted using a routine medial parapatellar approach.



The femoral and tibial trials were sized against the prostheses retrieved after resection, and the corresponding molds were chosen. By applying the femoral trial to the distal femur, the knee joint was positioned at full extension and 90° flexion to determine the adequate thickness of the tibial spacer with a depth scale for gap balance and bony defects. The femoral and tibial spacers were fabricated simultaneously. The femoral spacer was first cemented to the distal femur using an additional package of antibiotic-loaded cement. The tibial spacer was cemented to the proximal tibia after curing the femoral portion. The knee was fully extended with an appropriate alignment to allow the tibial cement to set. Lateral patellar release was performed if necessary. After November 2018, the cam of the femoral spacer was augmented with a K-wire as an endoskeleton to reinforce mechanical strength, according to the study design [8].




2.4. Postoperative Protocol


Radiographic evaluations, including knee weight-bearing anteroposterior, lateral, and Merchant views, and lower-limb scanogram, were conducted 1 week after RA (Figure 1). Radiographs were obtained monthly before reimplantation or when the patient experienced knee pain, swelling, instability, or deformity. Rehabilitation was partial weight-bearing with crutches without a hinged brace. Each patient received at least 4 weeks of organism-specific intravenous antibiotics according to the recommendations of an infection consultant. Oral antibiotics were maintained until C-reactive protein levels and erythrocyte sedimentation rates decreased.



The criteria for reimplantation included negative clinical signs of infection, normalized C-reactive protein and erythrocyte sedimentation rates, and negative arthrocentesis culture after a 2-week antibiotic holiday, which was defined as the period off antibiotics prior to reimplantation [16].




2.5. Evaluation


Demographic patient data, including medical comorbidities, microorganisms, spacer information, and spacer period, were extracted from medical charts. The following radiograph findings before reimplantation were recorded as mechanical complications using the INFINITT Picture Archiving and Communications System (INFINITT, Seoul, South Korea): spacer fracture, spacer migration, periprosthetic fracture, joint subluxation/dislocation, or extensor mechanism disruption [10,12,17]. Those with the progression of radiolucent lines around spacers without the above complications were excluded. Mixed complications were counted only as one major complication for each patient (e.g., spacer migration followed by joint dislocation). A musculoskeletal radiologist and two arthroplasty surgeons independently assessed and recorded all radiographic data.



Reoperations for mechanical complications, such as open reduction and partial or total spacer exchange, and extensor mechanism repair data were extracted from operation records; unexpected early reimplantation was also recorded. However, procedures for persistent infections, such as debridement, arthrotomy, and spacer exchange, were not included. Patients with simultaneous complications of mechanical and persistent infections were excluded from the reoperation count.



Spacer malalignment was defined as medial distal femoral angle <2° or >8° of valgus [18] (Figure 2A), medial proximal tibial angle (PTA) <−3° or >3° deviation from neutral [19] (Figure 2B), posterior tibial slope angle <0° or >7° of flexion [20] (Figure 2C), flexion contracture >15° of flexion [21] (Figure 2D), and recurvatum deformity >5° of extension [22] (Figure 2E); spacer malposition such as anterior femoral notching >3 mm in depth [23] (Figure 2F), and mediolateral or anteroposterior overhang of tibial spacers >3 mm [24] (Figure 2G,H). Cementing technique of spacers with or without cement stem extension was also recorded (Figure 2I,J). All the above data were measured on anteroposterior and lateral short-leg radiographs obtained 1 week after RA [25]. Lower-limb malalignment was defined as a hip–knee–ankle angle <−10° (severe varus) or >10° (severe valgus) on a scanogram [26] (Figure 2K). Patellar maltracking was defined as a lateral patellar tilt >10° on the Merchant view [27] (Figure 2L). Data were measured separately by the same three physicians, and the mean value was calculated. Mixed outliers were also recorded for each patient.




2.6. Data Analyses


Data analyses were performed using the Statistical Package for the Social Sciences version 24.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics are presented as means and 95% confidence intervals for continuous variables and as counts and percentages for categorical variables. Differences between two continuous variables were assessed using the Student’s t-test, a statistical test used to determine if the means of two groups significantly differ from each other. Differences between two categorical variables were assessed using Fisher’s exact test, a statistical test used to determine if the proportions of categories in two groups significantly differ from each other.



The reliability of mechanical complications was examined using the intraclass correlation coefficient (ICC). ICC is usually found to have a value between 0 and 1. An ICC value below 0.5 is regarded as a sign of poor reliability. On the other hand, an ICC value above 0.9 is regarded as a sign of excellent reliability. Associations between covariates and mechanical complications were determined with univariate logistic regression analysis. Covariates with statistically significant association on univariate analysis were included in a multivariable logistic regression model. Statistical significance was set at p < 0.05.





3. Results


Of the 203 included patients, 105 and 98 were treated by two HV and six LV surgeons, respectively. A single knee was used for each patient. The mean spacer duration was 14.3 weeks. The average follow-up time was 54.1 months (minimal and maximal were 13 and 79 months, respectively). Figure 3 presents the Strengthening the Reporting of Observational Studies in Epidemiology flowchart detailing the study design. There were no significant differences in the demographic data between patients who underwent HV or LV surgery (Table 1).



There were 40 (19.7%) mechanical complications in 203 spacers. The ICC value for mechanical complications was 0.974 (range, 0.918 to 0.990; p < 0.001). The outcomes of spacer placement performed by HV or LV surgeons are presented in Table 2. The overall mechanical complication rate was lower in HV surgeons (3.8%) than in LV surgeons (36.7%) (p < 0.001), especially for joint subluxation or dislocation. The overall reoperation rate was lower in HV surgeons (0.9%) than in LV surgeons (24.5%) (p < 0.001), especially in spacer exchanges (Figure 4A–F). Among the cases that had 36 mechanical complications in LV surgeons, 66.7% (24/36) underwent reoperation, and 91.7% (22/24) of the reoperation procedures were spacer exchanges. There were 1 (0.9%) and 4 (4.1%) knees that had unexpected early reimplantation that were performed smoothly after mechanical complications by HV and LV surgeons, respectively (Figure 4G–I). Table 3 presents the details of these mechanical complications, in which all mechanisms were atraumatic and 92.5% had early failure (≤6 weeks) after spacer insertion. All knees requiring reoperation were treated with hinge braces and were free of instability before reimplantation.



Moreover, LV spacers were found to be associated with an increased requirement for highly constrained prostheses, such as rotating hinge knees (LV vs. HV, 17.3% vs. 0.9%, p = 0.008), and these knees had mechanical complications during the spacer period. Additionally, 47.2% (17/36) of patients required hinge knees after mechanical spacer failure. Table 4 presents the univariate risk factors for mechanical complications. The multivariate logistic regression analysis identified PTA < 87°, recurvatum deformity, and tibial spacer use without a cement stem extension as independent risk factors for mechanical failure (Table 5).




4. Discussion


This study compared the mechanical complications in RA with articulating spacers according to surgeon volume and analyzed the risk factors. Our results showed that HV surgeons have a lower risk of overall mechanical complications and reoperations. The mechanical complications increased the level of constraint in the final revision of knee arthroplasty. The identified risk factors for mechanical failure were varus malalignment of the tibial spacer, recurvatum deformity, and tibial spacer without cement stem extension.



Tan et al. and George et al. reported that the rates of spacer mechanical complications were approximately 17 to 18% [28,29], and our rate, 19.7%, was consistent with these data. Our mechanical complications were all atraumatic, with the majority (92.5%) of spacers failing at <6 weeks, which might be related to the unstable biomechanical environment in PKI after RA [12], in addition to the weaker strength of the cement due to high-dose antibiotics [8], and the spacers were fixed in the bone ends without tight interdigitation for ease of removal with minimal bone loss [17]. Lin et al. found that a low surgical volume was a risk factor for spacer fractures with dislocation (odds ratio, 8.13) [8]. Moreover, better infection control and reimplantation rates have been reported in patients treated at specialized PKI centers [11]. Superior results have been found for the treatment at subspecialty centers of bone and joint infections [30]. Although our institution performed protocol-driven RAs with articulating spacers, the clinical results were different after analysis by surgical volume; HV surgeons had only 3.8% mechanical complications compared with 36.7% in LV surgeons. This discrepancy might be related to the learning curve or other associated risk factors, as LV surgeons only performed 4.23 RAs/year (range, 1.9 to 8.6 RAs/year), compared with HV surgeons, who treated multiple referred PKIs per month and performed many RAs annually.



Lau et al. found that 34.9% (22/63) of coronal subluxations of the articulating spacers required highly constrained knee systems during reimplantation [7]. Lin et al. reported that 70% (14/20) of dislocated spacers needed rotating hinge knees during reimplantation and proposed the concept “added insult to injury” when knee dislocations occur after RA with articulating spacers, suggesting that surgeons must strive to prevent joint dislocation during the spacer period [12]. Lin et al. also mentioned that to prevent post-cam failure of the PS spacer, an endoskeleton-reinforced femoral cam or additional hinged brace protection should be considered [8]. The finding that hinge knees were required in 47.2% of patients after mechanical spacer failure in our LV group is substantial, as this illustrates that the mechanical complications increased the level of constraint in final revision knee arthroplasty [12]. The above findings indicate that soft tissue compromise after an unstable joint event might be a predictor for highly constrained revision prostheses, which should be prepared and made available at the time of reimplantation. In two-stage revisions, Struelens et al. reported that only 43% of 154 articulating spacers were considered to be optimally sized and positioned, and mechanical complications were as high as 57% [6]. Lin et al. proposed that malalignment and malrotation of femoral and tibial spacers may lead to spacer overstress [8]. Our PTA <87° tibial spacers had a 5.3 times higher risk of mechanical complications. Medial tibial plateau bony loss or tibial bowing may lead to the varus placement of the tibial spacer [31]. Gililland et al. reported a useful technique to restore a stable bony tibial platform perpendicular to the mechanical axis by using a standard extramedullary tibial cutting jig and drop rod to avoid malalignment of the tibial spacer [32]. From our HV surgeon’s experience, cement augmentation for bony defects is a promising technique if there is huge bone loss after the cut or if the joint line is too low.



Recurvatum deformity is the rarest form of instability after TKA and is difficult to correct [33]. Many studies have reported the use of rotating hinge knees as extension stops to treat post-TKA recurvatum [34]. The etiologies of pre-TKA and range of motion pre-RA in our cohort were not fully documented because of the multiple surgeons involved in the current study. However, multiple surgeries, including RA, might result in weak quadriceps and compromise of the extensor mechanism locking during the stance phase of gait, which adds to the risk of recurvatum, as hyperextension helps stabilize the knee [35]. A huge bony defect, insufficient collateral ligaments, and compromised posterior capsule during infection and after RA might result in joint laxity, even with a spacer [8,12,17]. Moreover, the post-cam mechanism of the PS spacer cannot resist the force during knee hyperextension; thus, mechanical complications occur. Although surgeons have used a depth scale within tibial trials and molds to ensure accurate thickness of the tibial spacer to fulfill the gap balance, there is still a learning curve during spacer fabrication and implantation [8]. Based on our HV surgeon’s experience, careful examination of the ligament status during RA and placement of the knee with a spacer in slight flexion will avoid recurvatum complications.



In revision TKA, Oh et al. reported that metaphyseal fixation is important for ensuring the stability of the component [36]; Lee et al. recommended the use of an extension stem with a tibial canal filling ratio > 0.85 to minimize tibial component loosening [37]. Jung et al. reported that the spiked bottom of the tibial spacer provides superior stability and lowers spacer translation and tilting than a flat bottom [38]. Tsai et al. used the bottom of a tibial spacer with a cement stem extension to fill the metaphyseal defect and stably implant a spacer to minimize spacer loosening and migration [17]. Gililland et al. suggested a stemmed spacer with a cement dowel for increased antibiotic elution and added stable fixation [32]. We found that a femoral spacer without a cement stem extension was not associated with mechanical failure, suggesting a difference in bony end morphology and kinematics between the distal femur and the proximal tibia [8]. Our tibial spacers without cement stem extensions had a 7.25 times higher risk of mechanical complications, indicating that the stem plays an important role in additional stability. We strongly suggest using cement stem extensions of the tibial spacer to avoid spacer dislodgement.



This study has some limitations. This was a retrospective cohort study involving only one center. A higher-powered, prospective, controlled study with multiple centers is needed to confirm the effect of surgical volume. The physical activity levels of patients were not measured, and detailed chart records of every non-traumatic event were lacking, but there was no clear association between mechanical failure and more active patients [39]. The lack of computer tomography prevented spacer malrotation measurements, which may have caused loosening and further failure [40]. We did not evaluate the effect of spacers malfabricated by LV surgeons, which might increase the risk of mechanical complications [8].



Nevertheless, this was the first study to directly compare surgical volume in RA and radiographic measurements of articulating spacers with a large sample size and sufficient power to detect effects. Our results broadly indicate better outcomes for HV surgeons than for LV surgeons. This finding provides a further research platform for establishing a new subspecialty for prosthetic joint infection with experienced HV surgeons to improve the outcomes of two-stage revision.




5. Conclusions


This was the first retrospective study to compare the effect of surgeon volume on mechanical complications after RA with an articulating spacer in a two-stage revision of PKI. Based on the findings, we made the following three conclusions: (1) HV surgeons had a lower rate of mechanical complications and reoperations than LV surgeons; (2) mechanical complications increased the level of constraint in the final revision of knee arthroplasty; and (3) all surgeons should avoid tibial spacer varus malalignment and recurvatum deformity and always use a cement stem extension with a tibial spacer.
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Figure 1. Radiographs of the articulating spacer obtained 1 week after resection arthroplasty: (A) standing anteroposterior view; (B) standing lateral view; (C) merchant view; and (D) scanogram of the lower limb. 
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Figure 2. Malalignment and malposition of articulating spacer: (A) medial distal femoral angle, 100°; (B) medial proximal tibial angle, 83°; (C) posterior tibial slope angle, 96°; (D) flexion contracture, 26°; (E) recurvatum deformity, 11°; (F) femoral spacer notching (arrowhead); (G) medial overhang of tibial spacer (arrowhead); (H) anterior overhang of tibial spacer (arrowhead); (I) femoral spacer without cement stem extension (arrowhead); (J) tibial spacer without cement stem extension (arrowhead); (K) severe varus deformity with hip–knee–ankle angle, 16°; and (L) maltracking with lateral patellar tilt, 14°. 
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Figure 3. Strengthening the Reporting of Observational Studies in Epidemiology flowchart detailing the design of the study. PKIs, prosthetic knee infections; TKA, total knee arthroplasty; HV, high volume; LV, low volume. 
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Figure 4. Examples of mechanical complication: (A) a 68-year-old man after resection arthroplasty (RA) with varus malalignment of tibial spacer (medial proximal tibial angle, 83°); (B) periprosthetic tibial fracture (arrowhead) 3 weeks after spacer insertion; (C) reoperation with tibial spacer exchange; (D) a 63-year-old man after RA with recurvatum deformity (12°); (E) femoral spacer fracture (arrowhead) 4 weeks after spacer insertion; (F) reoperation with both spacers exchange; (G) a 76-year-old woman after RA with tibial spacer without cement stem extension; (H) tibial spacer migration (arrowhead) 6 weeks after spacer insertion; and (I) unexpected early reimplantation smoothly. 
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Table 1. Demographic data of patients performed on by HV or LV surgeons.
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Variables

	
Surgeon Volume

	
p-Value




	
HV (n = 105)

	
LV (n = 98)






	
Age (years)

	
67.4 (59–83)

	
66.1 (58–82)

	
0.713




	
Sex (female)

	
59 (56.2)

	
60 (61.2)

	
0.554




	
BMI (kg/m2)

	
27.3 (21.0–34.6)

	
28.6 (21.7–33.2)

	
0.676




	
Right laterality

	
54 (51.4)

	
46 (46.9)

	
0.262




	
Constraint of the original prosthesis

	

	

	




	
  Cruciate-retaining

	
37 (35.2)

	
35 (35.7)

	
0.906




	
  Posterior-stabilized

	
68 (64.8)

	
63 (64.3)

	
0.894




	
Smoking status

	

	

	




	
  Never-smokers

	
49 (46.7)

	
42 (42.9)

	
0.648




	
  Current/ex-smokers

	
56 (53.3)

	
56 (57.1)

	
0.517




	
Insurance status

	

	

	




	
  Insured

	
104 (99.0)

	
98 (100.0)

	
0.930




	
  Uninsured

	
1 (1.0)

	
0 (0.0)

	
0.964




	
Socioeconomic status

	

	

	




	
  Low

	
42 (40.0)

	
39 (39.8)

	
0.911




	
  Middle

	
38 (36.2)

	
37 (37.8)

	
0.890




	
  High

	
25 (23.8)

	
22 (22.4)

	
0.835




	
Charlson Comorbidity Index

	

	

	




	
  0

	
52 (49.5)

	
47 (48.0)

	
0.876




	
  1–2

	
38 (36.2)

	
36 (36.7)

	
0.937




	
  3+

	
15 (14.3)

	
15 (15.3)

	
0.882




	
McPherson host grade

	

	

	




	
  Uncompromised

	
51 (48.6)

	
45 (45.9)

	
0.704




	
  Compromised

	
30 (28.5)

	
29 (29.6)

	
0.816




	
  Substantially compromised

	
24 (22.9)

	
24 (24.5)

	
0.773




	
Microorganisms

	

	

	




	
  Staphylococcus species

	
35 (33.3)

	
33 (33.7)

	
0.938




	
  Streptococcus species

	
20 (19.0)

	
18 (18.4)

	
0.863




	
  Gram-positive cocci

	
15 (14.3)

	
14 (14.3)

	
0.999




	
  Gram-negative species

	
16 (15.2)

	
17 (17.3)

	
0.803




	
  Polymicrobial

	
8 (7.6)

	
8 (8.2)

	
0.830




	
  Culture negative

	
11 (10.5)

	
8 (8.2)

	
0.709




	
Spacer information

	

	

	




	
  Femoral spacer size (No.)

	
3.9 (2–5)

	
3.8 (2–5)

	
0.774




	
  Femoral spacer with endoskeleton

	
52 (49.5)

	
47 (48.0)

	
0.808




	
  Tibial spacer size (No.)

	
4.0 (2–5)

	
3.9 (2–5)

	
0.822




	
  Tibial spacer thickness (mm)

	
13.2 (10–19)

	
13.7 (10–21)

	
0.762




	
  Spacer period (weeks)

	
14.6 (11–24)

	
14.4 (10–23)

	
0.825




	
  Follow-up period (months)

	
54.7 (13–79)

	
53.6 (13–77)

	
0.692








Values are presented as means [95% confidence intervals] or n (%). HV, high volume; LV, low volume; BMI, body mass index; No., number.













 





Table 2. Outcomes of PKIs performed by HV and LV surgeons.
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Parameters

	
Surgeon Volume

	
p-Value




	
HV (n = 105)

	
LV (n = 98)






	
Overall mechanical complication

	
4 (3.8)

	
36 (36.7)

	
<0.001




	
  Spacer fracture

	
2 (1.9)

	
4 (4.1)

	
0.284




	
  Spacer migration

	
1 (0.9)

	
8 (8.2)

	
0.051




	
  Periprosthetic fracture

	
0 (0.0)

	
3 (3.1)

	
0.417




	
  Joint subluxation/dislocation

	
1 (0.9)

	
19 (19.4)

	
0.006




	
  Extensor mechanism disruption

	
0 (0.0)

	
2 (2.0)

	
0.596




	
Overall reoperation

	
1 (0.9)

	
24 (24.5)

	
<0.001




	
  Open reduction

	
0 (0.0)

	
1 (1.0)

	
0.891




	
  Spacer exchange

	
1 (0.9)

	
22 (22.4)

	
0.003




	
  Extensor mechanism repair

	
0 (0.0)

	
1 (1.0)

	
0.891




	
Unexpected early reimplantation

	
1 (0.9)

	
4 (4.1)

	
0.110




	
Constraint of reimplantation prosthesis

	

	

	




	
  Legacy constrained condylar knee

	
104 (99.1)

	
81 (82.7)

	
0.007




	
  Rotating hinge knee

	
1 (0.9)

	
17 (17.3)

	
0.008








Values are presented as n (%). p-values in bold are statistically significant. PKI, prosthetic knee infection; HV, high volume; LV, low volume.













 





Table 3. Details of patients with mechanical complications by HV and LV surgeons.
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Patient No.

	
Age (Years)

	
Sex

	
Radiographic Outlier

	
Mechanical Complication

	
Timing after Spacer (Weeks)

	
Intervention






	
HV surgeons




	
1

	
69

	
F

	
PTA < 87°; HKA < −10°

	
TS migration

	
3

	
Hinge knee brace




	
2

	
64

	
M

	
TS overhang; DFA > 98°

	
TS fracture

	
4

	
Hinge knee brace




	
3

	
76

	
M

	
PTA > 90°; FS notching

	
TS fracture

	
5

	
Both spacers exchange




	
4

	
77

	
F

	
Recurvatum deformity

	
Joint dislocation

	
6

	
Unexpected early reimplantation




	
LV surgeons




	
1

	
73

	
M

	
PTA < 87°; DFA < 92°

	
TS fracture

	
2

	
Hinge knee brace




	
2

	
66

	
M

	
PTA < 87°; DFA > 98°

	
Joint subluxation

	
5

	
Hinge knee brace




	
3

	
82

	
M

	
PTA < 87°; FS notching

	
Joint subluxation

	
4

	
Hinge knee brace




	
4

	
63

	
F

	
PTA < 87°; patellar maltracking

	
Joint dislocation

	
4

	
Open reduction




	
5

	
66

	
F

	
PTA < 87°; HKA < −10°

	
Joint subluxation

	
3

	
TS exchange




	
6

	
86

	
F

	
PTA < 87°; flexion contracture

	
Joint dislocation

	
6

	
TS exchange




	
7

	
77

	
F

	
PTA < 87°

	
Joint dislocation

	
4

	
TS exchange




	
8

	
71

	
M

	
PTA < 87°; FS without cement stem extension

	
Joint dislocation

	
5

	
TS exchange




	
9

	
68

	
M

	
PTA < 87°

	
Periprosthetic tibial fracture

	
3

	
TS exchange




	
10

	
73

	
M

	
PTA < 87°; flexion contracture

	
Periprosthetic tibial fracture

	
4

	
Both spacers exchange




	
11

	
72

	
F

	
PTA < 87°; HKA < −10°

	
Both spacers fracture

	
6

	
Unexpected early reimplantation




	
12

	
68

	
F

	
Recurvatum deformity; DFA > 98°

	
Joint subluxation

	
5

	
Hinge knee brace




	
13

	
58

	
M

	
Recurvatum deformity

	
Joint subluxation

	
7

	
Hinge knee brace




	
14

	
72

	
M

	
Recurvatum deformity; TS without cement stem extension

	
Joint dislocation

	
4

	
Both spacers exchange




	
15

	
80

	
F

	
Recurvatum deformity; TS overhang

	
Joint dislocation

	
6

	
Both spacers exchange




	
16

	
66

	
F

	
Recurvatum deformity; HKA angle < −10°

	
Joint dislocation

	
7

	
FS exchange




	
17

	
60

	
M

	
Recurvatum deformity; DFA < 92°

	
Joint dislocation

	
4

	
FS exchange




	
18

	
80

	
F

	
Recurvatum deformity; patellar maltracking

	
Joint dislocation

	
8

	
FS exchange




	
19

	
67

	
F

	
Recurvatum deformity; FS notching

	
Joint dislocation

	
4

	
FS exchange




	
20

	
63

	
M

	
Recurvatum deformity

	
FS fracture

	
4

	
Both spacers exchange




	
21

	
60

	
M

	
Recurvatum deformity; FS without cement stem extension

	
Periprosthetic tibial fracture

	
6

	
Unexpected early reimplantation




	
22

	
61

	
M

	
TS without cement stem extension

	
Joint subluxation

	
4

	
Hinge knee brace




	
23

	
73

	
F

	
TS without cement stem extension; DFA > 98°

	
Joint subluxation

	
5

	
Hinge knee brace




	
24

	
61

	
M

	
TS without cement stem extension

	
Joint dislocation

	
3

	
Both spacers exchange




	
25

	
72

	
M

	
TS without cement stem extension; DFA < 92°

	
Joint dislocation

	
6

	
Both spacers exchange




	
26

	
75

	
F

	
TS without cement stem extension; patellar maltracking

	
TS migration

	
3

	
TS exchange




	
27

	
68

	
F

	
TS without cement stem extension

	
TS migration

	
4

	
TS exchange




	
28

	
69

	
M

	
TS without cement stem extension; PSA > 90°

	
TS migration

	
4

	
Both spacers exchange




	
29

	
73

	
F

	
TS without cement stem extension; TS overhang

	
TS migration

	
3

	
TS exchange




	
30

	
60

	
F

	
TS without cement stem extension; HKA angle < −10°

	
TS migration

	
5

	
TS exchange




	
31

	
66

	
M

	
TS without cement stem extension; PTA > 93°

	
TS migration

	
3

	
TS exchange




	
32

	
76

	
F

	
TS without cement stem extension

	
TS migration

	
6

	
Unexpected early reimplantation




	
33

	
77

	
F

	
TS overhang; DFA > 98°

	
Extensor mechanism disruption

	
3

	
TS exchange




	
34

	
67

	
M

	
Patellar maltracking; DFA < 92°

	
Extensor mechanism disruption

	
4

	
Lateral release




	
35

	
64

	
F

	
HKA < −10°; DFA < 92°

	
TS migration

	
6

	
Unexpected early reimplantation




	
36

	
72

	
F

	
HKA < −10°; flexion contracture

	
Both spacers fracture

	
3

	
Hinge knee brace








HV, high volume; LV, low volume; No., number; PTA, medial proximal tibial angle; HKA, hip–knee–ankle; TS, tibial spacer; PSA, posterior tibial slope angle; FS, femoral spacer; DFA, medial distal femoral angle.













 





Table 4. Univariate analysis for risk factors associated with mechanical complications.
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Variables

	
No Mechanical Complications (n = 163)

	
Mechanical Complications (n = 40)

	
Odds Ratio (95% CI)

	
p-Value






	
Age ≥ 65 years

	
128 (78.5)

	
30 (75.0)

	
0.91 (0.19–2.43)

	
0.638




	
Sex (female)

	
98 (60.1)

	
21 (52.5)

	
0.87 (0.12–1.92)

	
0.507




	
BMI ≥ 25.0 kg/m2

	
96 (58.9)

	
28 (70.0)

	
4.43 (1.84–23.5)

	
0.038




	
Right laterality

	
77 (47.2)

	
23 (57.5)

	
1.99 (0.78–5.37)

	
0.059




	
Constraint of the original prosthesis

	

	

	




	
  Cruciate-retaining

	
57 (35.0)

	
15 (37.5)

	
1.02 (0.30–3.84)

	
0.710




	
  Posterior-stabilized

	
106 (65.0)

	
25 (62.5)

	
0.90 (0.44–2.89)

	
0.569




	
Smoking status

	

	

	

	




	
  Never-smokers

	
73 (44.8)

	
18 (45.0)

	
1.00 (0.18–1.76)

	
0.996




	
  Current/ex-smokers

	
90 (52.4)

	
22 (55.0)

	
1.02 (0.11–3.03)

	
0.834




	
Insurance status

	

	

	

	




	
  Insured

	
162 (99.4)

	
40 (100.0)

	
1.01 (0.33–1.68)

	
0.914




	
  Uninsured

	
1 (0.6)

	
0 (0.0)

	
0.99 (0.22–1.37)

	
0.939




	
Socioeconomic status

	

	

	

	




	
  Low

	
64 (39.3)

	
17 (42.5)

	
1.09 (0.40–4.13)

	
0.456




	
  Middle

	
61 (37.4)

	
14 (35.0)

	
0.93 (0.13–2.10)

	
0.741




	
  High, n (%)

	
38 (23.3)

	
9 (22.5)

	
0.98 (0.38–2.31)

	
0.853




	
Charlson Comorbidity Index

	

	

	

	




	
  0

	
81 (49.7)

	
18 (45.0)

	
0.91 (0.51–2.27)

	
0.727




	
  1–2

	
59 (36.2)

	
15 (37.5)

	
1.02 (0.52–2.63)

	
0.734




	
  3+

	
23 (14.1)

	
7 (17.5)

	
1.03 (0.49–3.11)

	
0.515




	
McPherson host grade

	

	

	

	




	
  Uncompromised

	
79 (48.5)

	
17 (42.5)

	
0.89 (0.28–2.16)

	
0.760




	
  Compromised

	
47 (28.8)

	
12 (30.0)

	
1.09 (0.35–4.61)

	
0.672




	
  Substantially compromised

	
37 (22.7)

	
11 (27.5)

	
1.11 (0.59–5.48)

	
0.518




	
Microorganisms

	

	

	

	




	
  Staphylococcus species

	
54 (33.1)

	
14 (35.0)

	
1.07 (0.39–3.44)

	
0.630




	
  Streptococcus species

	
31 (19.0)

	
7 (17.5)

	
0.98 (0.20–2.11)

	
0.832




	
  Gram-positive cocci

	
24 (14.7)

	
5 (12.5)

	
0.97 (0.21–2.09)

	
0.814




	
  Gram-negative species

	
27 (16.6)

	
6 (15.0)

	
0.98 (0.23–2.07)

	
0.827




	
  Polymicrobial

	
13 (7.9)

	
3 (7.5)

	
1.00 (0.12–1.97)

	
0.964




	
  Culture negative

	
14 (8.6)

	
5 (12.5)

	
1.12 (0.13–6.40)

	
0.633




	
Spacer information

	

	

	

	




	
  Femoral spacer size ≤ 2

	
76 (46.6)

	
23 (57.5)

	
3.97 (1.19–12.3)

	
0.042




	
  Femoral spacer with endoskeleton

	
81 (49.7)

	
18 (45.0)

	
0.91 (0.48–2.33)

	
0.718




	
  Tibial spacer size ≤ 2

	
73 (44.8)

	
21 (52.5)

	
3.19 (1.28–10.6)

	
0.051




	
  Tibial spacer thickness ≥ 13 mm

	
79 (48.5)

	
22 (55.0)

	
3.04 (1.21–10.3)

	
0.053




	
Spacer malalignment and malposition

	

	

	

	




	
  DFA > 98°

	
18 (11.0)

	
5 (12.5)

	
1.02 (0.38–3.20)

	
0.863




	
  DFA < 92°

	
11 (6.7)

	
5 (12.5)

	
3.03 (1.19–9.73)

	
0.056




	
  PTA > 93°

	
8 (4.9)

	
1 (2.5)

	
0.90 (032–2.00)

	
0.778




	
  PTA < 87°

	
15 (9.2)

	
12 (30.0)

	
6.76 (2.88–43.3)

	
0.005




	
  PSA > 90°

	
7 (4.3)

	
2 (5.0)

	
1.01 (0.76–1.86)

	
0.901




	
  PSA < 83°

	
2 (1.2)

	
0 (0.0)

	
0.98 (0.63–1.69)

	
0.806




	
  Flexion contracture

	
15 (9.2)

	
3 (7.5)

	
0.97 (0.23–1.98)

	
0.716




	
  Recurvatum deformity

	
9 (5.5)

	
11 (27.5)

	
7.31 (2.04–50.7)

	
0.003




	
  FS notching

	
17 (10.4)

	
3 (7.5)

	
0.95 (0.51–1.87)

	
0.706




	
  TS overhang

	
26 (15.9)

	
5 (12.5)

	
0.91 (0.28–1.83)

	
0.739




	
  FS without cement stem extension

	
18 (11.0)

	
2 (5.0)

	
0.72 (0.13–1.76)

	
0.132




	
  TS without cement stem extension

	
7 (4.3)

	
12 (30.0)

	
8.94 (2.76–62.6)

	
<0.001




	
  HKA angle > 10°

	
2 (1.2)

	
0 (0.0)

	
0.98 (0.20–2.02)

	
0.870




	
  HKA angle < −10°

	
10 (6.1)

	
7 (17.5)

	
4.11 (2.24–22.1)

	
0.041




	
  Patellar maltracking

	
23 (14.1)

	
4 (10.0)

	
0.94 (1.11–2.04)

	
0.703




	
  Spacer period (weeks)

	
14.1 (12–24)

	
14.9 (11–22)

	
1.11 (0.48–3.78)

	
0.529




	
  Follow-up period (months)

	
54.2 (13–78)

	
53.9 (14–75)

	
0.97 (0.46–2.32)

	
0.631








Values are presented as n (%) and means [95% confidence intervals]. p-values in bold are statistically significant. BMI, body mass index; DFA, medial distal femoral angle; PTA, medial proximal tibial angle; PSA, posterior tibial slope angle; FS, femoral spacer; TS, tibial spacer; HKA, hip–knee–ankle; CI, confidence interval.













 





Table 5. Multivariate analysis for risk factors associated with mechanical complications.
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	Variables
	Adjusted Odds Ratio (95% CI)
	p-Value





	BMI ≥ 25.0 kg/m2
	3.01 (1.32–12.4)
	0.054



	Femoral spacer size ≤ 2
	2.63 (1.04–9.18)
	0.127



	Medial PTA < 87°
	5.30 (2.11–37.6)
	0.009



	Recurvatum deformity
	6.43 (1.93–41.4)
	0.007



	TS without cement stem extension
	7.25 (2.24–53.5)
	0.002



	HKA angle < −10°
	2.99 (1.62–11.4)
	0.075







p-values in bold are statistically significant. CI, confidence interval; BMI, body mass index; PTA, proximal tibial angle; TS, tibial spacer; HKA, hip–knee–ankle.
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