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Infrapatellar fat pad may be with tendon repairing ability and closely related
with the developing process of patella Baja
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a b s t r a c t
Patella Baja, as a common complication of knee trauma or knee surgery, was very difﬁcult to deal with,
and scarring and shortening of the patellar tendon were looked on as the most important reason for it.
Infrapatellar fat pad, also known as Hoffa’s fat pad was traditionally regarded as with only buffering
and lubricating functions in knee joints, which can limit the knee’s excessive activities, absorb shocks
from the anterior knee and reduces friction between the patellar tendon and the tibia, it should be with
direct protection function and avoid the damage of patella tendon. Recently, a large number of studies
had shown that adipose tissue was an accessible and abundant source of mesenchymal stem cells for tissue engineering. Adipose derived stem cells (ADSCs) can be induced to differentiate into adipocytes, osteoblasts, nerve cells, tendon cells and so on. In addition, interestingly, infrapatellar fat pad were just
located behind the patellar tendon, and SDF-1 (stromal cell-derived factor-1), as a powerful cytokine that
regulates inﬂammatory cell recruitment and stem cell homing, was unregulated after ligament injury, so
there may be a certain correlation between ADSCs from infrapatellar fat pad and injured tendons, maybe
ADSCs from infrapatellar fat pad can biologically repair injured tendons when patella tendon was damaged. We hypothesized injured patella tendon repairing should include not only the self-repairing of the
tendon, but also the biological repairing from ADSCs in infrapatellar fat pad. When both of the repairing
failed to repair the damage of the tendon, patellar tendon may begin to shrink and scar, which will result
in patella Baja. In our opinion, healthy infrapatellar fat pad was with direct protection function of patella
tendon and full of rich ADSCs, which may play an important part in patella tendon repairing and the
developing process of patella Baja.
Ó 2011 Elsevier Ltd. All rights reserved.

Introduction
Patella Baja (the typical X-ray of patella Baja was shown in Fig. 1)
was commonly encountered in knee trauma or surgery and the
incidence of patella Baja after TKA had been reported in 10–65% of
cases, which can alter the femoropatellar joint mechanics and result
in decreased range of motion, extensor lag, anterior knee pain,
polyethylene impingement and subsequent wear, and diminished
outcomes. The severe patella Baja was very troublesome to deal with
to every joint surgeon [1–4]. The Insall–Salvati ratio (ISR), the ratio of
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the greatest diagonal length of the patella to the ligament length of
the patella, is one of popular parameters used to measure the patella
position on images [5]. Although the pathogenesis of patella Baja
still remained unclear, scarring and shortening of the patellar
tendon was often the ﬁnal clinical outcome, so the damage to patellar tendon was regarded as the important possible reason for patella
Baja. The injury to patella tendon should include the lateral damage
and longitudinal damage (Fig. 2), the lateral damage, not longitudinal damage was the major factor causing the patella Baja. The lateral
damage of patella tendon must be with excellent repairing, or the
scarring and shortening of patella tendon will start up and eventually result in patella Baja. We thought that the balance of patella tendon damage and repairing guaranteed the normal physiological
function of it.
Infrapatellar fat pad (IFP), also known as Hoffa’s fat pad was a
large, deformable pad of adipose tissue occupying the space between the patella, tibia and femur, and is vascular and highly
innervated [6]. The location of the IFP in knee was shown in
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Fig. 1. The typical X-ray of patella Baja.
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the damage of patella tendon. Although the fat pad had been implicated as a common cause of anterior knee pain (Hoffa’s disease),
there was no sufﬁcient evidence for this to be a deﬁnite fact. Additionally, as there are no clear clinical features, the condition was
unable to be diagnosed and treated with any certainty.
Recent studies had shown that mesenchymal stem cells isolated
from adipose tissue, such as infrapatellar fat pad [8], may possess
signiﬁcant plasticity in their multi-lineage capabilities [9]. These
tissues represented attractive cell sources for tissue engineering
because they are generally accessible with minimal donor site
morbidity [9–11]. The mesenchymal stem cells derived from adipose tissue can be induced to differentiate into all the cell types
of the human body, such as adipocytes, osteoblasts, nerve cells,
tendon cells [12,13]. Moreover, interestingly, infrapatellar fat pad
was located just behind the patellar tendon; the mesenchymal
stem cells may immigrate to the injury location of the tendon
when the patella tendon was damaged.
The hypotheses
The patella tendon damage may be the most important direct
reason of patella Baja. The imbalance of patella tendon damage
and repairing resulted in scarring and shortening of the patellar
tendon and ultimately in patella Baja. IFP may be not only with direct protection function and avoid the damage of patella tendon for
its buffering and lubricating functions, but also with powerful tendon repairing ability. The disorder or lesion of IFP may be one of
the important pathogenesis and risk factors of patella Baja.
Theoretical fundamental of the hypotheses

Fig. 2. The types of damage of patella tendon, (A), the lateral damage of patella
tendon. (B) The longitudinal damage of patella tendon.

Patella tendon was a strong, ﬂat, ligament, which originated on
the distal patellar and inserted on the tibial tubercle, and was an
important component of knee extensor mechanism. As is known
to all, normal healthy tendons were mostly composed of parallel
arrays of collagen ﬁbers and tendon cells closely packed together,
there was a synovial tendon sheath surrounding outside of it,
which can secrete synovial ﬂuid and provide lubrication to decrease friction.
We knew that the knee was the largest and most complex joint
in the human body, the patella tendon would bear the tremendous
stress everyday, and the injury and repairing of tendon always
presented in the life of man. Patella tendon injury should include
the tendon injury and the tendon sheath injury, mostly occurred
in patella tendon–patella and patella tendon–tibial tubercle
connections (Fig. 4). The tendon sheath injury occurred in patella
tendon–tibial tubercle connections often caused the adhesion of

Fig. 3. The location of the infrapatellar fat pad in knee joint (red arrow). (For
interpretation of the references to colour in this ﬁgure legend, the reader is referred
to the web version of this article.)

Fig. 3. Gallagher, J [7] found that the IFP is a constant structure in
the knee joint, which may play a number of roles in knee joint
function and pathology. Generically, the IFP was considered to be
with buffering and lubricating functions in knee joints, which can
limit the knee’s excessive activities, absorb shocks from the anterior knee and reduces friction between the patellar tendon and
the tibia, it should be with direct protection function and avoid

Fig. 4. The most vulnerable parts in patella tendon, (A), patella tendon–patella
connections. (B) Patella tendon–tibial tubercle connections.
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patellar tendon and tibial plate for the synovial tendon sheath injury, which was looked as a possible reason for patella Baja [4,14].
People thought that tendon was lack of self-healing capacity for
a long time and the partial adhesion was the basic form of tendon
healing. In recent years, many studies have conﬁrmed that the
process of tendon repair included not only endogenous repairing
from the tendon itself, but also exogenous repairing from the outside of the tendon, two mechanisms existed together and ﬁnally
completed the tendon repairing [15,16].
Many authors have demonstrated potential clinical applications
of ADSCs in the ﬁeld of tissue engineering and cell therapy. Mesenchymal stem cells have shown promise in their ability to augment
tendon graft healing in a bone tunnel [17,18]. Atsushi Kanaya
thought that intra-articularly injected mesenchymal stem cells
can accelerate the healing of partially torn anterior cruciate ligament [19]. Awad [20] demonstrated that delivering mesenchymal
stem cell-contracted, organized collagen implants to large tendon
defects can signiﬁcantly improve the biomechanics, structure,
and probably the function of the tendon after injury. Recently,
Gulotta [21] demonstrated that the application of mesenchymal
stem cells (MSCs) transduced with adenoviral-mediated scleraxis
could improve regeneration of the tendon–bone insertion site in
a rat rotator cuff repair model.
SDF-1 (stromal cell-derived factor-1), as a major cytokine that
regulates inﬂammatory cell recruitment and stem cell homing
[22,23], has been reported to be with powerful function in the
regeneration of various organs such as the liver, brain, heart, and
kidney [24–27]. Recently, Shimode and colleagues demonstrated
that the expression of SDF-1 was unregulated after ligament injury
and may promote homing of bone marrow mesenchymal stem
cells following systemic infusion [28], which suggested that SDF1 may also be potential to initiate in situ regeneration by recruiting
host stem cells [29]. Numerous studies showed that SDF-1 had
strong induced migratory capacities to stem cells, especially
CD34 positive stem cells. Recently, many studies [30–39] have
shown that adipose derived stem cells were positive for the
expression of CD34 molecular surface markers, which means ADSCs in infrapatellar fat Pad will be possible to reverse the concentration gradient of SDF-1 and migrate into the injury location of the

patellar tendon and tendon sheath when patella tendon is injured.
In addition, the microenvironment, or niche, in which stem cells
reside, played an important factor in stem cells induction, differentiation and maturation [40]. The niche included not only the
growth factors of cells secretion, but also the adjacent cells interactions [41]. In addition, MSCs culturing with the type of cell you
want to differentiate will accelerate the rate of MSCs differentiation [42–44]. The niche of injury location of tendon or tendon
sheath may respectively provide a better microenvironment for
ADSCs to differentiate easily into tendon cells or synovial cells.
Moreover, excellent patella tendon repairing should include
tendon repairing, and tendon sheath repairing, and the latter also
can decrease the risk of scarring, shortening and adhesion of the
patellar tendon.

Clinical implication of the hypotheses
We thought that the normal healthy IFP was full of mesenchymal stem cells and with the buffering and lubricating functions to
avoid the patellar tendon damage. Furthermore, the expression of
SDF-1 was unregulated after ligament injury, which can recruit
stem cells to the injury site of the tendon or tendon–bone connections. Both of the factors mentioned above composed of the theoretical fundamental. The possible relationship of IFP, patella
tendon and patella Baja was shown in Fig. 5.
We offered several possible explanations for the clinical implication of the hypotheses as follows. Firstly, the normal healthy
IFP should not be extravagantly disturbed during the knee operations, such as radical excision of the fat pad and excessive burn
by electrotome. Similar as to Weight loss liposuction, which decreased the ADSCs in IFP, reduce the repairing ability of IFP and
lower the protection function of the IFP for the constructrue of
the IFP being changed, and Lemon [45] also thought preservation
of the infrapatellar fat pad may be a factor in preventing shortening
of patella tendon length after total knee arthroplasty. Secondly, infrapatellar fat pad lesions such as Hoffa’s disease often showed the
hypertrophy and hyperplasia of adipocytes, we thought the ADSCs
in IFP was more easily to differentiate into adipocytes other than

Unnormal IFP
(Excessive excision or Hypertrophy

Normal IFP

and hyperplasy )

Patella tendon injury

ADSCs in IFP

Patella tendon repairing

Scarring and shortening of
the patellar tendon

Patella Baja
Fig. 5. The possible relationship of IFP, patella tendon and patella Baja (IFP infrapatellar fat pad, ADSCs adipose-derived stem cells).
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tendon cells and more often resided in IFP other than immigrated
to patella tendon for such a microenvironment in IFP. So the repairing ability of ADSCs in IFP decreased. Under such circumstances,
we thought the easiest way to prevent the occurrence of patella
Baja was avoiding the patella tendon being damaged. Thirdly, the
hypotheses can partially explain why the incidence of patella Baja
in the total knee revision was higher than in primary total knee
arthroplasty, for the IFP in the latter was less disturbed.
Conclusion
In this hypothesis, we introduced the viewpoint that the normal
healthy infrapatellar fat pad may be with tendon repairing ability
and closely related with the developing process of patella Baja.
Although there was some evidence standing up the hypothesis,
the exact mechanism of IFP in patella tendon repairing still need
further explore. We hope all orthopedics surgeons should pay more
attention to the protection of the normal IFP when the operations
involved in IFP, which may decrease the incidence of patella Baja.
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