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Abstract
Background

This study evaluated the effectiveness of a newly revised pivot knee prosthesis in patients with peri-knee
malignant bone destruction tumors.

Methods

Medical records of patients who were admitted to our hospital from January 2014 to February 2020 and
underwent the newly revised pivot knee prosthesis operations were retrospectively collected and
analyzed. Visual analogue scale (VAS), hospital special surgery (HSS) knee score, American knee society
knee score (KSS), and ROM for pre-operation, discharge, and last follow-up were applied to assess the
effectiveness of this surgery. Meanwhile, the results of musculoskeletal tumor society system (MTSS)
and radiographs were observed and analyzed at last follow-up.

Results

The average operation time was 174.0 ± 35.5 min, and intraoperative bleeding volume was 271.2 ± 
127.3 ml. The follow-up time was 33.8 ± 14.9 months. The scores of VAS, HSS, and KSS at pre-operation,
discharging, and last follow-up were all comparable (p 0.05), ROM was only comparable between
discharging and last follow-up (p 0.05), while ROM between preoperative and discharging had no
signi�cance (p 0.05). MTSS at last follow-up was22.6 ± 2.4. All patients were alive with their prosthesis in
good condition except for one patient who underwent revision surgery for misalignment of prosthesis and
two patients who died of systemic metastasis.

Conclusion

The newly revised pivot knee prosthesis is a good alternative limb-salvage strategy for patients who
suffered from bone destruction tumors, although patient tumor stage and health condition should be fully
assessed before surgery to reduce the mortality rate of patients who are not eligible.

Background
Bone destruction due to malignant tumor around the knees is very common in the clinical setting [1].
Malignant tumors that may cause bone destruction such as osteosarcoma, chondrosarcoma, Ewing
sarcoma, and osteoclastoma [2–5] are generally intractable and di�cult to treat because of their
malignancy and metastatic nature. Previously, amputation was generally the only available method for
treating malignant limb bone tumor to save people’s life. However, amputation surgery may bring a series
of inconveniencies and lower quality of life post-surgery [1]. Recently, the increasing demand for retaining
a good quality of life makes amputation no longer an optimal option. With technological development
and improved understanding of bone tumor, prosthesis arthroplasty coupled with pre- and post-
operational chemotherapies could serve as an alternative limb-salvage method for bone tumor patients
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and there has already been some clinical progress in this regard [6, 7]. There are many types of bone
tumor prostheses such as single-axis hinged prosthesis [8], rotating hinged prosthesis [9], condyle
constrained prosthesis [10], and a newly revised pivot knee prosthesis developed by Beijing
Chunlizhengda Medical Equipment Co., LTD; each prosthesis has its merits and de�ciencies. Hence, we
studied the outcomes of patients admitted to our hospital from January 2014 to February 2020 who
underwent the newly revised pivot knee prosthesis operations.

Methods
In this study, patients who were admitted to our hospital from January 2014 to February 2020 and
underwent the newly revised pivot knee prosthesis operations were retrospectively collected as protocols
set. Inclusion criteria were: 1)peri-knee bone destruction and pathology manifested as malignant tumor,
2) no lymphatic and systemic metastases, 3) no disease in other organs, and 4) willingness to provide
informed consent. Exclusion criteria were: 1) benign type tumor that can be cured by methods other than
bone tumor arthroplasty, 2) lymphatic and systemic metastases and not healthy enough to undergo
surgery, 3) ineligible for surgery because of important vessel and nerve invasion, and 4) data not fully
available and patients lost to follow-up.

All surgeries were performed by the same surgeon. Imaging data of patients before operation were
collected and the length and extent of osteotomy were determined and the dimension size of tumor
prosthesis were con�rmed, then the data were sent to Beijing Chunlizhengda Medical Equipment Co., LTD
for custom tumor prosthesis design (newly revised pivot knee prosthesis, patent NO.
CN200910088381.2). Patients staged Enneking B underwent chemotherapy to shrink the tumor into the
tumor capsular, to make tumor resection more radical. Surgical protocols for osteosarcoma arthroplasty
in upper segment of tibia were as follows: patient laid in supine position after anesthesia was
administered and tourniquet was also applied to prevent excessive bleeding; patient was disinfected with
povidone-iodine. A curved skin incision approximately 20 cm was made upon the medial knee,
subcutaneous tissue, and fascia. The muscles were dissected by layers, and after the bone tumor was
exposed, the vessels around the tumor were meticulously separated and ligated, then the upper tibia at
the proper location as planned before operation was amputated carefully and the whole tumor tissue
were radically resected. If soft tissue and skin upon the tumor were invaded, all the affected tissues
should be removed. Then femur side was exposed, and cartilage layers were resurfaced, �exing the knee
in 90°. Navigation systems of the femur were installed, and osteotomy of the distal femur was performed.
The surface of distal femur was trimmed, and the medullary space was expanded to proper dimension.
After extra-medullary navigation on tibia was installed, resurfacing the residual proximal tibia and
expansion tibia medullary space to proper size was also done. Subsequently, the operation area was
�ushed with a large amount of povidone-iodine and 0.9% saline water. The prostheses on the tibia and
femur were installed successively. Thereafter, excess bone cement was cleaned, and the spacer was
inserted, followed by checking the range of motion (ROM) and stability of the prosthesis after knee
reduction. Lastly, after the tourniquet was released, bleeding vessels were cauterized, and the operation
area was irrigated again, residual tendons around the knee were repaired completely, closing the incision
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Results
Twenty-one cases of newly revised pivot knee prosthesis surgery were enrolled in this study, among
which two patients died of systemic metastasis, two failed for prosthesis loosening and fracture and
underwent revision surgery, no one got infection. All 21 cases were included for subsequent comparison
and analysis. There were twelve men and nine women, and their average age at operation was 45.1 ± 15.5
years, disease time onset was 3.7 ± 1.9 months, follow-up time was 33.8 ± 14.9 months. The general
demographic data were summarized in Table 1, and the detailed information on the 21 patients are
shown in Table 2.

site with interrupted suture and wrapping the knee with elastic bandage after plasma drainage tube had
been placed. All the bone tumor tissues sampled during surgery were sent for subsequent pathology
examination.

All patients received antibiotic therapy after operation, and quadriceps femoris exercises were initiated
after plasma drainage tube was removed, patients could actively move the knee joint 1 week after surgery
except in situations in which knee tendon reconstructions were performed; in such casestheir functional
exercises were delayed to 3 weeks postoperatively. Meanwhile, oncology department counseling was also
prescribed to determine the postoperative chemotherapy time and program based on the tumor stages
and classi�cations.

Patients’ demographic data such as age, sex, onset time, BMI, follow-up time, tumor type, and Enneking
stage were recorded and calculated. The hospital special surgery (HSS)[11], American knee society knee
score (KSS)[12] and Visual analogue scale (VAS)[13], and ROM at pre-operation, discharging, and last
follow-up were recorded and analyzed. Musculoskeletal tumor society system (MTSS)[14] scores were
also observed, and the MTSS scoring system composed of six parts: pain, limb function, satisfaction
degree, brace support, walking and gait, every part had 5 points, totaling to a score of 30. This scoring
system could also be adapted as percentile for comparison.

Statistical analysis
All statistical data were calculated and analyzed by IBM SPSS statistical software version 20.0 (IBM
Corporation, Armonk, New York, USA). Continuous demographical variables were presented as mean ± 
standard deviation, categorical variables were presented as number (percentile), differences within
groups in VAS, HSS, KSS, and ROM at pre-operation, discharging, and last follow-up were statistically
analyzed by Wilcoxon signed-rank test. The p value less than 0.05 was considered to have statistical
signi�cance.
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Table 1
Demographic characteristics (n = 21 patients)
Patients demographics Mean ± SD or n(%)

Age at surgery, year 45.1 ± 15.5

Sex, male 12 (57.1%)

Disease time, month 3.7 ± 1.9

Follow-up time, month 33.8 ± 14.9

Operation time, min 174.0 ± 35.5

Bleeding volume, ml 271.2 ± 127.3

BMI, kg/m2 23.8 ± 3.1

BMI, body mass index; SD, standard deviation
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Table 2
Demographical information in detail (n = 21 patients)

Case
NO.

Age,
year

Sex Follow-
up time,
month

Tumor type BMI Enneking
stage

outcome Involved
part

1 17 male 3 osteoclastoma 25 A alive distal
femur

2 32 male 12 osteoclastoma 23 A alive proximal
tibia

3 52 male 24 chondrosarcoma 19 B alive distal
femur

4 69 female 46 Ewing sarcoma 28 B alive proximal
tibia

5 42 female 22 chondrosarcoma 22 B alive distal
femur

6 33 female 62 osteoclastoma 25 B fracture distal
femur

7 60 male 5 osteosarcoma 20 A alive proximal
tibia

8 26 female 12 leiomyosarcoma 30 B alive distal
femur

9 66 male 33 osteoclastoma 25 B alive proximal
tibia

10 59 male 28 osteosarcoma 22 B alive distal
femur

11 23 male 34 osteosarcoma 22 B dead distal
femur

12 34 female 23 leiomyosarcoma 24 A alive proximal
tibia

13 35 male 45 osteosarcoma 26 A alive proximal
tibia

14 37 male 35 chondrosarcoma 28 A losening distal
femur

15 48 female 46 osteosarcoma 25 B alive proximal
tibia

16 64 female 36 osteosarcoma 27 B alive distal
femur

BMI, body mass index
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Case
NO.

Age,
year

Sex Follow-
up time,
month

Tumor type BMI Enneking
stage

outcome Involved
part

17 56 male 37 osteosarcoma 27 B dead proximal
tibia

18 58 female 42 Ewing sarcoma 19 A alive distal
femur

19 62 male 44 osteosarcoma 25 A alive proximal
tibia

20 41 male 46 osteosarcoma 23 A alive distal
femur

21 34 female 49 osteosarcoma 24 B alive distal
femur

BMI, body mass index

Typical case was a 48 year old male, with bone destruction, and cyst-like changes on distal femur found
in X-ray in Fig. 1. Subsequent MRI also further con�rmed the bone destruction and cyst-like changes, with
typical sarcoma hyperplasia, although restricted in the chamber of the distal femur (Fig. 2). After surgery,
the follow-up radiographs taken at 1 month and the last follow-up (4 years) suggested that the prosthesis
was in good condition with no obvious position moving or loosening (Figs. 3 and 4).

VAS, HSS, and KSS scores at each time point were also statistically improved when compared with
scores at preoperative time point, which were 7.0 ± 1.5 vs 2.9 ± 0.9 vs 2.1 ± 0.7, p 0.05 for VAS, 45.0 ± 7.7
vs 64.5 ± 6.1 vs 75.1 ± 5.9, p 0.05 for HSS, and 44.9 ± 9.1 vs 66.5 ± 4.7 vs 75.4 ± 4.6, p 0.05 for KSS,
respectively. ROM was only comparable between discharging and last follow-up (53.8 ± 27.0 vs 67.2 ± 
26.0, p 0.05), while ROM between preoperative and discharging had no signi�cance (p 0.05)( Table 3,
Fig. 5-Figure8 ). MTSS scores at last follow-up were 22.6 ± 2.4 in this case series which also
demonstrated knee joint in good condition.

Table 3
comparison of VAS, HSS and KSS scores at preoperative, discharging and last follow-up time point

  VAS HSS KSS ROM

Preoperative 7.0 ± 1.5 45.0 ± 7.7 44.9 ± 9.1 61.6 ± 22.5

Discharging 2.9 ± 0.9 a 64.5 ± 6.1a 66.5 ± 4.7a 53.8 ± 27.0c

Last follow-up 2.1 ± 0.7ab 75.1 ± 5.9ab 75.4 ± 4.6ab 67.2 ± 26.0bc

VAS, Visual analogue scale ; HSS, The hospital special surgery; KSS, American knee society knee
score; a, vs preoperative time point, p 0.05; b, vs discharging time point, p 0.05; c, vs preoperative time
point, p 0.05
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Discussion
Malignant bone carcinomas are uncommon clinically, although their malignancy and high metastatic
potential can be life-threating. Thus, radically removing the invasion area has been agreed upon as the
best treatment option [1, 15, 16]. Amputation can completely remove all tumor tissue and radically
prevent tumor relapse; however, this method can also bring patients and their relatives heavy
postoperative �scal and life burdens, which may reduce quality of life [17]. Technological development
and improved understanding of the mechanism of carcinoma progression, together with improved
staging and classi�cation of the carcinoma could make some important impacts on treatment and
prognosis. Presently, radically removing the tumor [4], bone grafting [18], and prosthesis arthroplasty [3,
19] coupled with preoperative and postoperative chemotherapy [7] have all established advantages,
although de�ciencies exist in each method. One of the merits of this newly revised pivot knee prosthesis
is that it could preserve the knee joint function, which may make the patient live more conveniently and
con�dently.

The principles for this newly revised pivot knee prosthesis arthroplasty are patient Enneking stage
classi�ed as equal or below B, with good topical condition, no metastasis and no important vessels or
nerves involved [1, 3]. A small number of patients who have heavy bone destruction of benign tumors or
who have distant metastasis but are in good and healthy condition could also choose this strategy to
improve their quality of life and limb functions despite reports of rare cases. Tumor prosthesis
arthroplasty has huge advantages in improving patient’s postoperative life quality, allowing patients to
move freely and reducing �scal burden substantially when compared to amputation.

Presently, bone tumor prostheses of knee have three types: 1)single-axis hinged prosthesis [8], 2)rotating
hinged prosthesis [9, 20], and 3) this newly revised pivot knee prosthesis. Single-axis type has restricted
movement only in sagittal plane, so rotating movements are not afforded, which makes its application
limited. Partially the same structures as in singe-axis hinged prosthesis, rotating hinged ones also have
hinge locking system; however, it endows some movements both in sagittal and rotating, high molecular
polyethylene spacer between tibia and femur is also more biologically adapted to biomechanics of the
knee. Moreover, components in both single-axis hinged prosthesis or rotating hinged prosthesis are
metallic, not bionic structure. Thus, heavy metal gravity may lead the prosthesis to collapse and further
failure. Meanwhile, gravity in these designs is mostly focused on the hinge structure, so strain and shear
force may concentrate and distribute all on the hinge which could contribute to subsequent tumor
prosthesis loosening, displacement, and infection [21]. In this new design, the newly revised pivot knee
prosthesis has replaced the traditional hinge structure with new “T” pivot component which could confer
this new prosthesis free sagittal and rotating movement. Meanwhile, the polyethylene spacer on tibia
plateau and sleeve on distal femur are also new gadgets to acquire large contacting area between
patients’ knee joint which could diffuse the shear and strain force from femur and make this design more
bionic to sustain stability.
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Some surgical techniques also need our attention as tendon and muscle structures around the knee are
complicated, which could make this surgery very demanding. In this study, tumor tissue may inevitably
invade some soft tissues, such as tendons and muscles. Thus, partial resection of the tendons and
muscles of adductor magnus and gastrocnemius in distal femur tumor and semitendinosus,
semimembranosus, and patellar tendon in proximal tibia is possible during surgery, although these
structures are crucial in maintaining the knee function. Hence, carefully reconstructing these components
is extremely necessary.

Preoperative and postoperative chemotherapy are very valuable in managing malignant bone tumor, too.
Preoperative chemotherapy can kill tumor cells effectively and shrink tumor size, which may provide a
favorable environment for subsequent surgical intervention, especially for some carcinomas which are
sensitive to chemotherapy, such as Ewing sarcoma and osteosarcoma[2, 22]. Postoperative
chemotherapy also has its bene�ts such as its reported improving of the 5-year survival rate [7]. Recently,
as biological technology has evolved, targeted therapy becomes possible and has already made some
achievements [23, 24]. Rutkowski et al. [25] found Denosumab had excellent therapeutic effect in patients
whose surgery intervention were not suitable at present time and could create favorable environment for
later surgery. Some certain cytokines and proteins were also found to be valuable in improving the
prognosis of some musculoskeletal carcinomas[5]. In our study, there were two patients who died of
tumor relapse and metastasis. The Enneking stages were all in stage B, all were osteosarcomas, the
death time was 3 and 6 months after surgery, respectively, and the cause of death was irregular
chemotherapy. Therefore, chemotherapies in pre- and post-operation are very bene�cial which should not
be ignored.

Limitation
In this study, the sample size was small as we only included 10 cases, which may cause some statistical
biases. Moreover, we only statistically compared the VAS, HSS, and KSS scores at preoperative,
discharging, and last follow-up time points with Wilcoxon signed-rank test, making this study a self-
control research, thus lacking comparison with other types of tumor prostheses. Additionally, other
prostheses in our hospital were also insu�cient, even lacking for cohort study. The ROMs of the knee
varied largely because the reconstruction programs were different in each patient, which ultimately made
the ROM comparison partly unreliable. The bone tumors in this article also partially vary which may bring
some statistical inconsistencies to the outcome comparisons. Further, the last the follow-up time is
different and insu�cient for observing the long-term results of the prostheses. Therefore, more samples
and a longer follow-up are needed in a future study.

Conclusion
This newly revised pivot knee prosthesis is a good alternative limb-salvage strategy for patients who
suffer from bone destruction tumors. The scores of VAS, HSS, and KSS improved signi�cantly at
discharging and last follow-up when compared with scores before surgery. Patients’ tumor stages and
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health conditions should be fully assessed before this surgery is performed to reduce the mortality rate of
patients who are not the right candidates.

Abbreviations
HSS, hospital special surgery; KSS, knee society score; MTSS, musculoskeletal tumor society system;
ROM, range of motion; VAS, visual analogue scale
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Figure 1

Bone destruction and cyst-like changes on distal femur were found in X-ray

Figure 2
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MRI further con�rmed the bone destruction and cyst-like changes, with typical sarcoma hyperplasia but
restricted in the chamber of distal femur

Figure 3

Tumor prosthesis in favorable alignment and good condition in 1 month

Figure 4
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Tumor prosthesis in good condition with no obvious moving and loosening after 4 year

Figure 5

VAS score at different time point within group
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Figure 6

HSS score at different time point within group
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Figure 7

KSS score at different time point within group
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Figure 8

ROM at different time point within group


