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Abstract

Osteosarcomas are considered the most common primary bone tumor. Following lymphomas
and brain cancers, it is considered the third most common cancer among children and
adolescents, with an incidence of 3.4 per million people per year worldwide. Osteosarcomas
are best treated with preoperative chemotherapy, surgery, and then postoperative
chemotherapy. Patients frequently have some ongoing physical issues. These include the
inability to perform an active range of motion, reduced muscle strength, gait abnormalities,
impaired motor control, and limb-length discrepancies. In order to restore daily living activities,
enhance quality of life, and enhance patients' psychological status, postoperative rehabilitation
exercises are essential.The purpose of the current review article is to discuss postoperative
rehabilitation strategies and exercise considerations for patients with distal femur osteosarcoma
who had underwent endoprosthesis reconstruction.

Keywords: Osteosarcoma, bone tumor, endoprosthesis, rehabilitation, exercises.

1. Introduction

Osteosarcomas are considered the most common
primary bone tumor. Following lymphomas and
brain cancers, it is considered the third most
common cancer among children and adolescents.
They exhibit malignant mesenchymal cells and the
formation of osteoid, or immature bone (Luetke et
al., 2014; Misaghi et al., 2018).

The incidence of osteosarcoma is 3.4 per million
people per year worldwide. The distribution of
disease is bimodal, with the first peak happening in
adolescence (average ages of 10 to 14 years for girls
and 15 to 19 years for men) and the second peak
happening in the elderly beyond age 65 (Mirabello
et al., 2009).

Causes and risk factors

It is not clear what causes osteosarcoma. A history of
radiation therapy or chemotherapy, Paget disease or a
similar benign bone lesion, and genetic disorders such
as hereditary retinoblastoma and Werner syndrome are
among the risk factors for osteosarcoma (Luetke et al.,
2014 ; Misaghi et al., 2018).

Stage |

Clinical presentation

Patients complain of localized, dull aching pain for
several months following an injury. Pain may be
flactuating, but it never totally disappears, and it is
commonly worse at night. Patients may also complain of
systemic symptoms including weight loss, fever,
exhaustion, or malaise, but they often do not. On
physical examination, a soft tissue mass that is painful to
palpation and demonstrates noticeable warmth, skin
vascularity, or pulsations across the lesion is frequently
seen (Simpson & Brown, 2018; Misaghi et al., 2018).
Patients frequently have some ongoing physical issues.
These include the inability to perform an active range of
motion, reduced muscle strength, gait abnormalities,
impaired motor control, and limb-length discrepancies.
But they continued to exhibit high levels of emotional
acceptance and coping (Beebe et al., 2009).

Classifications of osteosarcoma

According to the Enneking System for Staging
Osteosarcomas, it is classified into three stages based on
tumor extent and aggressiveness (Enneking et al., 1980)

(Table 1).

Stage |l Stage |l

a low-grade tumor (which originates from
the medullary cavity of the bone)

a high-grade tumor {which develops on the
surface of the bone from the outer cortex)

distant metastasis or lymph
node involvement

|A-intra compartmental

[IA—intra compartmental (remain within the

bone)

IB-extra compartmental

[IB-extra compartmental (extend beyond the

bone)
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Management of osteosarcoma

Orthopedic  oncologists,  clinical  oncologists,
physiotherapists, psychiatrists, and specialized
nurses all collaborate in the multidisciplinary
treatment of patients with  osteosarcoma.
Neoadjuvant chemotherapy, limb-sparing/salvage
surgery, amputation, and adjuvant chemotherapy
constitute the standard care for osteosarcomas. Prior
to surgery, patients get neoadjuvant chemotherapy
for 8 to 10 weeks. While postoperative
chemotherapy is postponed for up to 21 days to
allow for the healing of surgical wounds. Thereafter,
12 to 29 weeks of adjuvant chemotherapy are given
(Luetke et al., 2014).

As long as there were no contraindications, limb
salvage became the recommended course of
therapy since its oncological results were equivalent
to those of amputation (Rougraff et al., 1994). 90%
of osteosarcoma patients had limb salvage surgery,
with a 60% to 80% success rate (Bernthal et al., 2015;
Reddy et al., 2015).

Limb-Salvage Surgery

After the removal of malignant bone tumors from the
limbs, a surgical technique known as "limb-salvage
surgery" is performed to restore bone and joint
function (Xu et al., 2020).

Indications for Limb-Salvage Surgery (Xu et al., 2020)

- Chemotherapy is responsive to Enneking stages
lIA, 1IB, and Ill, and metastases are manageable.

- Favourable reaction to chemotherapy.

- A wide resection margin could be obtained.

- No affection to the main vascular nerve.

- The physical condition score (Karnofsky score) is
>60, indicating high overall health.

- Sufficient soft tissue coverage (Gerrand et al.,
2016).

- The expected functional outcomes and survival
rates are equal to or greater than those following an
amputation in the same instance (Cirstoiu et al.,
2019).

2. Methods of Limb Salvage Surgery

Tumor endoprosthesis, autologous or allograft bone
reconstruction, soft tissue reconstruction, resection
arthrodesis, and rotationplasty (Xu et al., 2020).

Tumor Endoprosthesis

It is the method for limb-salvage reconstruction that
is most frequently employed. For maximal stability
and mobility following the removal of the distal
femur tumour, it is advised to select either the
assembled prosthesis or the rotating hinged custom
prosthesis. Additionally, the fundamental health of
the patient's bones should be taken into
consideration while choosing between bone cement
and cementless fixation (Figure 1) (Chen et al., 2005;
Houdek et al., 2016).

Poor bone quality, insufficient size, and a remnant
bone segment are the primary determining factors in
choosing a cemented stem fixation.
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Absolute contraindications to limb salvage include a
massive tumour that surrounds major neurovascular
systems, an incorrect biopsy method and/or
subsequent site problems, insufficient soft-tissue
covering, or a pathological fracture, which often
signals significant contamination. On the other hand,
relative contraindications include a very young child
with a significant risk for limb length inequality
(Cirstoiu et al., 2019).

Fig.1: Distal femur endoprosthesis (Soeharno et al.,
2018)

Musculoskeletal deficiency from surgery
Deficiency of bone and joint

Replacement after resection of the bone and joint
necessitates the use of endoprosthesis (customized
or modular), internal implants such as nails, plates,
cement, allografts, composites, or combinations.

Muscle deficiency

Due to tumour involvement, the vastus intermedius
muscle and a part of the vastus medialis or lateralis
muscles had to be removed. This resulted in damage
to the muscles' innervation because the nerve was
involved in the tumour.

Nerve injury

- A nerve affected by a tumour has to be removed
(saphenous nerve).

- Because major nerves had to be mobilized during the
surgery, neuropraxia resulted.

- Long surgical operations put local pressure on nerves.
- Direct nerve injury brought on by non-surgical
procedures like radiation.

Distal Femoral Endoprosthesis
Principles

Rehabilitation

If the site is healed, begin knee flexion range of motion
exercises with CPM 5-7 days after surgery (Figure 2). The
patient then begins active assisted exercises, and the
therapist should emphasize on the range of knee
extension.

Fig.2: Continuous passive machine (Paramananaém, VS,
Daptardar AA, 2016)
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Using static contraction to strengthen the quadriceps
and hamstring muscles, followed by open chain and
closed chain exercises. Although the degree of
quadriceps resection is an important factor
determining the knee extension strength and the
functional outcomes, other factors include the history
of the deformity, the details of the surgical
procedure changing the orientation and length-
tension characteristics of the muscle fibers, the
design of the prosthesis, the rehabilitation program,
and postoperative periprosthetic scar tissue
(Markhede & Stener, 1981;Tsuboyama et al., 1993).
Ambulation and self-transfer (from bed to chair) to
improve daily living activities. Allow early weight
bearing in the case of a cemented endoprosthesis
and delay for at least 6 weeks in the case of a
cementless endoprosthesis.

According to Carty et al. (2009), strengthening the
knee extensor muscles and increasing the range of
knee flexion are two crucial factors to concentrate on
during the rehabilitation process.

The rehabilitation programme following
endoprosthesis was divided into two phases by Morri
etal., (2018):

Partial weight-bearing phase (1st-2nd month)

The primary goals of treatment were to regain
fundamental lower-limb function, including walking,
enhancing knee mobility, and strengthening the
quadriceps muscle. To prevent the onset of
extension lag, supine knee flexion-extension and
quadriceps strengthening exercises were carried out
with a ball while focusing particularly on the last
degrees of extension.

Proprioceptive exercises in a sitting or standing
position with a ball and rubber bands are required
because all knee ligaments are resected, which
affects knee joint proprioception.

Progressive weight-bearing phase (2nd-6th month)

Weight-shifting exercises while maintaining good
body posture, motor control exercises by an elastic
band, and standing on an unstable surface or
balance board starting by standing on both limbs
then gradually on one limb (Figure 3).

Fig.3: Exercises for patients with endoprosthetic knee
replacement (Morri et al., 2018)

Rehabilitation After Endoprosthetic....

References

Beebe, K., Song, K. J., Ross, E., Tuy, B., Patterson,
F., & Benevenia, J. (2009). Functional Outcomes
After Limb-Salvage Surgery and Endoprosthetic
Reconstruction With an Expandable Prosthesis: A
Report of 4 Cases. Archives of Physical Medicine and
Rehabilitation, 90(6), 1039-1047.
https://doi.org/10.1016/j.apmr.2008.12.025
Bernthal, N. M., Greenberg, M., Heberer, K.,
Eckardt, J. J., & Fowler, E. G. (2015). What Are the
Functional Outcomes of Endoprosthestic
Reconstructions After Tumor Resection? Clinical
Orthopaedics and Related Research, 473(3), 812-
819. https://doi.org/10.1007/s11999-014-3655-1
Carty, C. P., Dickinson, I. C., Watts, M. C., Crawford,
R. W., & Steadman, P. (2009). Impairment and
disability following limb salvage procedures for bone
sarcoma. Knee, 16(5), 405-408.
https://doi.org/10.1016/j.knee.2009.02.006

Chen, T. H., Chen, W. M., & Huang, C. K. (2005).
Reconstruction after intercalary resection of
malignant bone tumours. Comparison between
segmental allograft and extracorporeally-irradiated
autograft. In Journal of Bone and Joint Surgery -
Series B (Vol. 87, Issue 5, pp. 704-709). J Bone Joint
Surg Br. https://doi.org/10.1302/0301-
620X.87B5.15491

Cirstoiu, C., Cretu, B., Serban, B., Panti, Z., & Nica,
M. (2019). Current review of surgical management
options for extremity bone sarcomas. EFORT Open
Reviews, 4(5), 174-182.
https://doi.org/10.1302/2058-5241.4.180048
Enneking, W. F., Spanier, S. S., & Goodman, M. A.
(1980). A System for the Surgical Staging of
Musculoskeletal Sarcoma. Clin Orthop Relat Res,
153, 106-120.

Gerrand, C., Athanasou, N., Brennan, B., Grimer, R.,
Judson, I., Morland, B., Peake, D., Seddon, B., &
Whelan, J. (2016). UK guidelines for the
management of bone sarcomas. Clinical Sarcoma
Research, 6(1). https://doi.org/10.1186/s13569-016-
0047-1

Houdek, M. T., Wagner, E. R., Wilke, B. K., Wyles, C.
C., Taunton, M. J., & Sim, F. H. (2016). Long term
outcomes of cemented endoprosthetic
reconstruction for periarticular tumors of the distal
femur. Knee, 23(1), 167-172.
https://doi.org/10.1016/j.knee.2015.08.010

Luetke, A., Meyers, P. A, Lewis, I., & Juergens, H.
(2014). Osteosarcoma treatment - Where do we
stand? A state of the art review. In Cancer Treatment
Reviews (Vol. 40, Issue 4, pp. 523-532). Cancer Treat
Rev. https://doi.org/10.1016/j.ctrv.2013.11.006
Markhede, G., & Stener, B. (1981). Function after
removal of various hip and thigh muscles for
extirpation of tumors. Acta Orthopaedica, 52(4),
373-395.
https://doi.org/10.3109/17453678109050118
Mirabello, L., Troisi, R. J., & Savage, S. A. (2009).
International osteosarcoma incidence patterns in
children and adolescents, middle ages and elderly

1050



HIV Nursing 2023; 23(3): 1048-1051

persons. Int J Cancer, 125(1), 229-234.
https://doi.org/10.1002/ijc.24320

Misaghi, A., Goldin, A., Awad, M., & Kulidjian, A. A.
(2018). Osteosarcoma : a comprehensive review.
Morri, M., Raffa, D., Barbieri, M., Ferrari, S., Mariani,
E., & Vigna, D. (2018). Compliance and satisfaction
with intensive physiotherapy treatment during
chemotherapy in patients with bone tumours and
evaluation of related prognostic factors: An
observational study. European Journal of Cancer
Care, 27(6), 1-7. https://doi.org/10.1111/ecc.12916
Paramanandam, VS, Daptardar AA, G. A. (2016).
Rehabilitation following limb-salvage surgery in
sarcoma. Journal of Bone and Soft Tissue Tumors,
2(2), 20-24. http://jbstjournal.com/rehabilitation-
following-limb-salvage-surgery-sarcoma/

Reddy, K. I. A., Wafa, H., Gaston, C. L., Grimer, R. J.,
Abudu, A. T., Jeys, L. M., Carter, S. R., & Tillman, R.
M. (2015). Does amputation offer any survival benefit
over limb salvage in osteosarcoma patients with
poor chemonecrosis and close margins? The Bone &
Joint Journal, 97-B(1), 115-120.
https://doi.org/10.1302/0301-620X.97B1.33924
Rougraff, B. T., Simon, M. A., Kneisl, J. S,
Greenberg, D. B., & Mankin, H. J. (1994). Limb
salvage  compared  with  amputation  for
osteosarcoma of the distal end of the femur: A long-
term oncological functional, and quality-of-life studly.
Joumal of Bone and Joint Surgery - Series A, 76(5),
649-656. https://doi.org/10.2106/00004623-
199405000-00004

Simpson, E., & Brown, H. L. (2018). Understanding
osteosarcomas. Journal of the American Academy of
Physician Assistants, 31(8), 15-19.
https://doi.org/10.1097/01.JAA.0000541477.24116
.8d

Soeharno, H., Povegliano, L., & Choong, P. (2018).
Multimodal Treatment of Bone Metastasis—A
Surgical Perspective. Frontiers in Endocrinology, 9,
518. https://doi.org/10.3389/fendo.2018.00518
Tsuboyama, T., Windhager, R., Dock, W,
Bochdansky, T., Yamamuro, T., & Kotz, R. (1993).
Knee function after operation for malignancy of the
distal femur: Quadriceps muscle mass and knee
extension strength in 21 patients with hinged
endoprostheses. Acta Orthopaedica, 64(6), 673-
677. https://doi.org/10.3109/17453679308994596
Xu, M., Wang, Z., Yu, X. chun, Lin, J. hua, & Hu, Y.
cheng. (2020). Guideline for Limb-Salvage Treatment
of Osteosarcoma. Orthopaedic Surgery, 12(4), 1021-
1029. https://doi.org/10.1111/0s.12702

1051

Rehabilitation After Endoprosthetic....



