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Abstract: A posterior flexion instability due to insufficiency of the posterior cruciate ligament (PCL)
in cruciate retaining (CR) total knee arthroplasty (TKA) is an important but underdiagnosed problem.
We hereby suggest a diagnostic algorithm, as demonstrated by a case report of a male patient
suffering from anterior knee pain and instability after CR TKA. Clinical examination was followed
by standard anterior–posterior and lateral radiographs. Stress radiographs in 30◦ and 90◦ posterior
drawer position enabled a dynamic examination of the instability. SPECT/CT was used to determine
the TKA component position in all planes and investigate bone tracer uptake (BTU) patterns. At
revision surgery, an absent PCL after CR TKA was noted and a semi-constrained TKA was implanted.

Keywords: cruciate retaining; total knee arthroplasty; total knee replacement; posterior cruciate
ligament; PCL

1. Introduction

Although total knee arthroplasty (TKA) is an effective treatment for end-stage os-
teoarthritis (OA), up to 30% of the patients are not satisfied and pain-free [1]. Early or
late infection, aseptic loosening, malposition of the TKA, patellofemoral problems, and
instability are considered to be the most common causes for unhappy knees after TKA [2].

Flexion instability, together with instability in extension and genu recurvatum, is
responsible for 10–22% of revision surgeries [3]. In cruciate retaining (CR) TKA, the
posterior cruciate ligament (PCL) limits posterior tibial translation and, hence, should not
be sacrificed [4]. Iatrogenic harm at TKA or secondary PCL insufficiency, due to a tight
flexion gap or secondary degenerative changes, lead to an increased posterior translation
and flexion instability [1].

However, a careful review of orthopedic literature reveals that reports on PCL in-
sufficiency in patients after primary CR TKA are rare and a diagnostic algorithm does
not yet exist. Establishment of the correct diagnosis is challenging as clinical examination
and standard radiographs often do not reveal the problem of a PCL insufficiency in CR
TKA. Stress radiographs help to identify the problem and quantify the amount of posterior
translation. In recent years, SPECT/CT has been increasingly used by knee surgeons for
the assessment of patients with unhappy TKA [5]. The use of SPECT/CT is especially
beneficial in the context of posterior instability in CR TKA. It allows for visualization of
the biological consequences of an increased posterior tibial translation (e.g., increased
patellar uptake) and 3D-reconstructed CT scans provide information on femoral and tibial
component position.
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We hereby suggest a diagnostic algorithm based on a case report of a male patient
with suspected PCL insufficiency suffering from anterior knee pain and instability after
CR TKA.

2. Case Report

A 62-year-old male patient presented with a painful right knee eight months after
CR TKA. The patient described a subjective feeling of instability, especially when walking
downstairs or on uneven ground. Pain could also be provoked by prolonged sitting with a
flexed knee. The patient noted that the character of pain was different than prior to TKA.
Cycling was possible without any limitations. At clinical examination, there was mild
local hyperthermia and peripatellar pain on palpation. Internal and external rotation was
unremarkable; in flexion, a lift-off of the lateral femoral condyle was observed. Active
range of motion (flexion/extension) was 130◦/0◦/5◦. Posterior drawer testing showed an
increased posterior translation in comparison to the contralateral knee. Anterior–posterior
and lateral radiographs of the knee were unremarkable and showed a well-fixed prosthesis
with no evidence of loosening (Figure 1).
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Figure 1. Anteroposterior and lateral non-weight bearing radiographs of the right knee after primary
posterior cruciate retaining TKA.

Flexion instability due to PCL insufficiency was suspected and, thus, stress radio-
graphs in 30◦ and 90◦ flexion were performed. There were no signs of lateral or medial
lift-off in extension, and anterior tibial translation presented normal in flexion and ex-
tension. Posterior drawer position in 90◦ flexion confirmed clinical diagnosis of PCL
insufficiency and showed a 13-mm increased posterior translation of the tibia (Figure 2). It
is important to note here that primary TKA was carried out in a different clinic without
any knowledge of PCL damage at the time of the operation.
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Figure 2. Stress radiographs showed increased posterior translation in posterior drawer position in
90◦ flexion compared to 30◦ flexion.

As part of the routine, a diagnostic algorithm in our clinic for unhappy patients after
TKA, SPECT/CT using 99 mTc-hydroxymethylene diphosphate (HDP) as bone tracer was
performed. It revealed an increased bone tracer uptake (BTU) in the entire patella (Figure 3)
which is a typical pattern for posterior knee instability and consecutively increased patellar
loading. There was also an increased uptake detected at the medial tibial plateau.
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Figure 3. Increased bone tracer uptake on the patella in sagittal and axial plane indicating increased
patella loading due to posterior instability.

A TKA component position was evaluated in coronal, axial, and sagittal plane using
3D-reconstructed CT scans (Figure 4). Mechanical axis was in 6◦ varus and the coronal
tibial component showed a malposition of 5◦ varus, which explains the increased BTU at
the medial tibia.
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Figure 4. TKA component position in 3D reconstructed CT scans.

Based on the symptomatic posterior flexion instability and the malposition of the tibial
component, the decision was made to perform revision surgery. At revision surgery, the
PCL was found to be torn and the knee prosthesis was changed to a semi-constrained TKA
(Figure 5). At follow-up of 36 months after revision TKA, the patient was pain-free, and
had a full range of motion and a stable knee.
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Figure 5. Anteroposterior and lateral non-weight bearing radiographs of the right knee after revision
surgery with a semi-constrained TKA.
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3. Discussion

This case report highlights the importance of an intact PCL in patients after CR
TKA and offers a comprehensive diagnostic algorithm including clinical examination and
different imaging modalities. Posterior flexion instability of the knee appears to be an
underdiagnosed problem in patients with ongoing pain after TKA. One reason for this
might be that fact that many studies relied on conventional radiographs that do not project
the posterior translation accurately.

Montgomery et al. reported three cases of a late PCL rupture in a series of 150 PCL-
retaining prosthesis [6]. They suspected an insufficiency because of clinical and radiological
findings and performed revision arthroplasty in each case. Pagnano et al. compiled a case
series of 25 painful primary CR TKA suffering from flexion instability [7]. All patients
were revised, 22 to a posterior stabilized (PS) implant and 3 underwent exchange of the
polyethylene inlay. Improved knee society scores (KSS) after revision surgery led the
authors to conclude that a revision with a PS design is an effective treatment for flexion
instability after CR TKA. Waslewski et al. identified 13 patients with 16 PCL-retaining
TKAs suffering from an instability due to early PCL deficiency [8]. Patients presented to
his clinic with a triad of persistent swelling, anterior knee pain, and of instability episodes.
However, diagnosis only included physical examination and conventional X-rays. After
showing no improvement on pain or instability after physical therapy and usage of PCL
brace, six patients underwent revision surgery to a PS TKA. They consequently reported
an improvement of pain and instability. The authors believe that early PCL deficiency
is underreported and should be considered in patients with anterior knee pain with
normal radiographs.

Stress radiographs are able to overcome limitations of standard ap and lateral radio-
graphs. This finding is very well demonstrated in the present case report. Although clinical
examination showed an increased posterior translation, standard radiographs were nor-
mal. Ultimately, the posterior drawer position in ongoing flexion (90◦) revealed increased
posterior translation (13 mm). Although some authors have reported threshold values for
stress radiographs after CR TKA [9], recommendations for diagnosing posterior instability
have not yet been established.

Reasons for PCL insufficiency in CR designs are manifold. Iatrogenic damage can
occur directly during primary TKA by harming or even resection of the PCL [3]. Late PCL
ruptures are usually associated with weakness due to age-related degenerative changes
and/or traumatic injuries such as knee dislocation [6]. However, the implantation tech-
nique, and consequently the position of the femoral and tibial component, can influence
the PCL indirectly. An excessive tibial slope [3] and/or a too-tight flexion gap can harm the
PCL and lead to early PCL failure [10]. Evaluating the component position is certainly a
crucial part in the diagnostic algorithm of patients with unhappy TKA. A thorough evalua-
tion should include all planes: coronal, sagittal, and axial, which is clearly not possible on
radiographs. 3D-reconstructed CT scans are regarded as the gold standard in diagnosing
the component position in TKA and, therefore, should be included in the diagnostic algo-
rithm of patients with posterior instability after TKA [5]. In recent decades, SPECT/CT
has evolved rapidly. It is widely used in nuclear medicine departments worldwide and
as part of the diagnostic routine including many diseases of the oncological (e.g., thyroid
cancer, neuroendocrine neoplasms, bone metastasis) and non-oncological (e.g., infection,
lung disorders, cardiology) spectrum [11]. In the context of knee surgery, SPECT/CT
offers another benefit in assessing patients with posterior instability by combining the
conventional CT with SPECT. Whereas CT component delivers information on alignment,
the SPECT component gives information on bone physiology. Several studies have shown
that increased bone tracer uptake (BTU) reflects areas of increased in-vivo loading and BTU
patterns for different problems have been detected [12–16]. Knees suffering from posterior
instability cause the tibia to shift backwards due to PCL insufficiency which increases the
pressure on the patella and patients report of knee pain. Combining the information of
alignment of the components with BTU reveals whether the anterior knee pain was due to
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an increased tibial slope or other reasons (e.g., malrotation of the femoral component). The
present case demonstrated the benefits of SPECT/CT very well. Increased BTU was found
at the patella, but the tibial slope was normal (6◦) and femoral component was not malro-
tated (1◦ of external rotation). However, increased BTU at the medial tibia was found as a
consequence of coronal malposition of the tibial component in 5◦ varus. In terms of costing,
Van den Wyngaert et al. investigated the cost-effectiveness of SPECT/CT in painful total
knee arthroplasty. The authors listed the Medicare national payment amount according to
the American Medical Association. Accordingly, a SPECT/CT scan costs about USD 239.38
per scan, a regular CT scan is about USD 115.20, and a metal artifact reduction sequence
(MARS)-MRI costs USD 646.72. Interestingly, the authors also performed a cost-utility
analysis in order to estimate the incremental cost per quality-adjusted life years gained
between bone SPECT/CT and CT or MRI. They have shown that, for every 1000 TKA
patients, SPECT/CT is expected to lead to 3 years of cost savings up to USD 622.6 per
patient per year versus CT and USD 574.5 per patient per year versus MARS-MRI. This
study shows that costs of SPECT/CT might be higher than regular CTs cans, but its benefit
in diagnosing the patient more accurately leads to increased costs for the healthcare in the
long term.

This case report illustrates that SPECT/CT is a very helpful imaging modality and is
not necessarily restricted for application in patients with suspected PCL insufficiency. In
fact, all patients with knee pain following TKA should receive SPECT/CT as part of the
diagnostic workup. Likewise, stress radiographs should be done in all patients suffering
from patella femoral pain in order to detect potential PCL insufficiency after TKA. The
combination of anterior knee pain, posterior instability, and varus malposition of the tibial
component, evaluated by using the present diagnostic algorithm, finally led to the decision
of revision surgery (Figure 6).
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Figure 6. This figure highlights the diagnostic workup for patients with flexion instability after CR TKA proposed by the
present case report.

4. Conclusions

In the case of flexion instability in CR TKA, a thorough examination using different
imaging modalities is necessary. A comprehensive diagnostic algorithm should include
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the patient’s history, a thorough clinical examination, conventional and stress radiographs,
and SPECT/CT including measurements of BTU and TKA position.

Author Contributions: Conceptualization, L.B.M., M.T.H.; methodology, L.B.M.; validation, P.P.,
S.H.; writing—original draft preparation, L.B.M.; writing—review and editing, P.P., S.H., M.T.H. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The case report was conducted according to the guidelines
of the Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained by the patient for anonymous data
collection for scientific purposes.

Acknowledgments: We gratefully acknowledge writing assistance by Nicola Anne Liversidge.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Becker, R.; Bonnin, M.; Hofmann, S. The Painful Knee after Total Knee Arthroplasty. Knee Surg. Sports Traumatol. Arthrosc. 2011,

19, 1409–1410. [CrossRef] [PubMed]
2. Gonzalez, M.H.; Mekhail, A.O. The Failed Total Knee Arthroplasty: Evaluation and Etiology. J. Am. Acad. Orthop. Surg. 2004, 12,

436–446. [CrossRef] [PubMed]
3. Parratte, S.; Pagnano, M.W. Instability after Total Knee Arthroplasty. J. Bone Jt. Surg. Am. 2008, 90, 184–194.
4. Wood, A.R.; Rabbani, T.A.; Sheffer, B.; Wagner, R.A.; Sanchez, H.B. Protecting the PCL During Total Knee Arthroplasty Using a

Bone Island Technique. J. Arthroplast. 2018, 33, 102–106. [CrossRef] [PubMed]
5. Hirschmann, M.T.; Konala, P.; Iranpour, F.; Kerner, A.; Rasch, H.; Friederich, N.F. Clinical Value of SPECT/CT for Evaluation of

Patients with Painful Knees after Total Knee Arthroplasty—A New Dimension of Diagnostics? BMC Musculoskelet. Disord. 2011,
12, 36. [CrossRef] [PubMed]

6. Montgomery, R.L.; Goodman, S.B.; Csongradi, J. Late Rupture of the Posterior Cruciate Ligament after Total Knee Replacement.
Iowa Orthop. J. 1993, 13, 167–170. [PubMed]

7. Pagnano, M.W.; Hanssen, A.D.; Lewallen, D.G.; Stuart, M.J. Flexion Instability after Primary Posterior Cruciate Retaining Total
Knee Arthroplasty. Clin. Orthop. Relat. Res. 1998, 39–46. [CrossRef] [PubMed]

8. Waslewski, G.L.; Marson, B.M.; Benjamin, J.B. Early, Incapacitating Instability of Posterior Cruciate Ligament-Retaining Total
Knee Arthroplasty. J. Arthroplast. 1998, 13, 763–767. [CrossRef]

9. Murer, M.; Falkowski, A.L.; Hirschmann, A.; Amsler, F.; Hirschmann, M.T. Threshold Values for Stress Radiographs in Unstable
Knees after Total Knee Arthroplasty. Knee Surg. Sports Traumatol. Arthrosc. 2020, 29, 422–428. [CrossRef] [PubMed]

10. Pagnano, M.W.; Cushner, F.D.; Scott, W.N. Role of the Posterior Cruciate Ligament in Total Knee Arthroplasty. J. Am. Acad.
Orthop. Surg 1998, 6, 176–187. [CrossRef] [PubMed]

11. Israel, O.; Pellet, O.; Biassoni, L.; De Palma, D.; Estrada-Lobato, E.; Gnanasegaran, G.; Kuwert, T.; la Fougère, C.; Mariani, G.;
Massalha, S.; et al. Two Decades of SPECT/CT—the Coming of Age of a Technology: An Updated Review of Literature Evidence.
Eur. J. Nucl. Med. Mol. Imaging 2019, 46, 1990–2012. [CrossRef] [PubMed]

12. Hirschmann, M.T.; Schön, S.; Afifi, F.K.; Amsler, F.; Rasch, H.; Friederich, N.F.; Arnold, M.P. Assessment of Loading History of
Compartments in the Knee Using Bone SPECT/CT: A Study Combining Alignment and 99mTc-HDP Tracer Uptake/Distribution
Patterns. J. Orthop. Res. 2013, 31, 268–274. [CrossRef] [PubMed]

13. Mucha, A.; Dordevic, M.; Hirschmann, A.; Rasch, H.; Amsler, F.; Arnold, M.P.; Hirschmann, M.T. Effect of High Tibial Osteotomy
on Joint Loading in Symptomatic Patients with Varus Aligned Knees: A Study Using SPECT/CT. Knee Surg. Sports Traumatol.
Arthrosc. 2015, 23, 2315–2323. [CrossRef] [PubMed]

14. Mathis, D.T.; Hirschmann, A.; Falkowski, A.L.; Kiekara, T.; Amsler, F.; Rasch, H.; Hirschmann, M.T. Increased Bone Tracer
Uptake in Symptomatic Patients with ACL Graft Insufficiency: A Correlation of MRI and SPECT/CT Findings. Knee Surg. Sports
Traumatol. Arthrosc. 2018, 26, 563–573. [CrossRef] [PubMed]

15. Slevin, O.; Schmid, F.A.; Schiapparelli, F.-F.; Rasch, H.; Amsler, F.; Hirschmann, M.T. Coronal Femoral TKA Position Significantly
Influences in Vivo Patellar Loading in Unresurfaced Patellae after Primary Total Knee Arthroplasty. Knee Surg. Sports Traumatol.
Arthrosc. 2017, 25, 3605–3610. [CrossRef] [PubMed]

16. Moser, L.B.; Mandegaran, R.; Hess, S.; Amsler, F.; Rasch, H.; Hirschmann, M.T. Increased Focal Bone Tracer Uptake at the
Popliteus Muscle Origin in Primary TKA Compared with Revision TKA. Skelet. Radiol. 2020, 49, 1127–1133. [CrossRef] [PubMed]

http://doi.org/10.1007/s00167-011-1625-7
http://www.ncbi.nlm.nih.gov/pubmed/21800166
http://doi.org/10.5435/00124635-200411000-00008
http://www.ncbi.nlm.nih.gov/pubmed/15615509
http://doi.org/10.1016/j.arth.2017.08.009
http://www.ncbi.nlm.nih.gov/pubmed/28927647
http://doi.org/10.1186/1471-2474-12-36
http://www.ncbi.nlm.nih.gov/pubmed/21294878
http://www.ncbi.nlm.nih.gov/pubmed/7820738
http://doi.org/10.1097/00003086-199811000-00008
http://www.ncbi.nlm.nih.gov/pubmed/9917666
http://doi.org/10.1016/S0883-5403(98)90027-4
http://doi.org/10.1007/s00167-020-05964-z
http://www.ncbi.nlm.nih.gov/pubmed/32236677
http://doi.org/10.5435/00124635-199805000-00006
http://www.ncbi.nlm.nih.gov/pubmed/9682080
http://doi.org/10.1007/s00259-019-04404-6
http://www.ncbi.nlm.nih.gov/pubmed/31273437
http://doi.org/10.1002/jor.22206
http://www.ncbi.nlm.nih.gov/pubmed/22886713
http://doi.org/10.1007/s00167-014-3053-y
http://www.ncbi.nlm.nih.gov/pubmed/24817166
http://doi.org/10.1007/s00167-017-4588-5
http://www.ncbi.nlm.nih.gov/pubmed/28551834
http://doi.org/10.1007/s00167-017-4627-2
http://www.ncbi.nlm.nih.gov/pubmed/28653182
http://doi.org/10.1007/s00256-020-03387-y
http://www.ncbi.nlm.nih.gov/pubmed/32067053

	Introduction 
	Case Report 
	Discussion 
	Conclusions 
	References

