
Mechanical Therapy for Loss of Knee Flexion
Thomas P. Branch, MD, Robert E. Karsch, MD, 

Timothy J. Mills, RN, BSN, and Marissa T. Palmer, BS

Pe rsistent loss of knee fl exion is the number one
c o m p l i c ation of knee surge ry or injury.1 – 9 Te ch n i-
cal erro rs , b o ny malunions, and seve re intra - a rt i c-

ular damage are 3 possible causes, but most loss is
caused by ex t ra - a rticular or intra - a rticular fi b ro s i s .1 0

Often the surgeon waits until the knee is seve re ly
a ffected befo re instituting a tre atment plan.1 , 3 N o n o p e ra-
t ive tre atments include physical therapy (PT) and
m e chanical therapy. PT by a physical therapist re q u i re s
hands-on tre atment in a cl i n i c, and the 7-day s - a - we e k
s chedule may be pro h i b i t ive. Mechanical therapy
i nvo l ves at-home use of a mechanical device that
s t re t ches the joint and urges increased motion. By the
time surge ry is instituted, m a n i p u l ation under anesthesia
alone is not enough, and art h roscopic lysis of adhesions
or open surgical release is necessary.1 0 , 1 1 E ven with
s u rge ry, the joint may not fully re c ove r.1 0 – 1 6 Wi t h
p atients and employe rs increasing their demands for full
ra n ge of motion (RO M ) , attaining and maintaining full
end ROM after knee surge ry or injury are mandat e d
both cl i n i c a l ly and economically.

Loss of knee fl ex i o n — d e fined as fl exion of less
than 125°, or loss of more than 20° when the knee is
compared with the contralateral knee—occurs in up to
7% of patients undergoing anterior cruciate ligament
(ACL) surgery, even after institution of an aggressive
p o s t o p e rat ive re h ab i l i t ation progra m .1 , 3 , 4 , 6 Loss of
knee ROM is not limited to ACL surgery. Up to 50%
of patients with periarticular knee fractures or tendon
ruptures have difficulty regaining full ROM.2,8,9,17–20

Loss of knee fl exion can be caused by tech n i c a l
e rro rs , b o ny malunions, or seve re intra - a rt i c u l a r
d a m age. An anterior fe m o ral tunnel cre ated duri n g
ACL re c o n s t ruction can biomech a n i c a l ly contri bu t e
to loss of knee f l ex i o n .1 0 , 2 1 S u p ra c o n dylar fe mu r
f ra c t u res and tibial plateau fra c t u res can be fi xed in
hy p e rextension to cre ate an anatomical b l o ck to
a ch i eve full knee fl exion. If the shape of the fe m o ra l
c o n dyle is distorted or fl attened as a consequence of
i n j u ry or disease, fl exion may be impaire d. Ove ra l l ,
most loss of knee fl exion is due simply to the intra -
a rticular or ex t ra - a rticular fi b rosis associated with
knee injuries or surge ry.1 – 1 6

We hy p o t h e s i zed that adding home mech a n i c a l
t h e rapy to PT by a physical therapist would signifi-
c a n t ly reduce the need for surgical management of
loss of knee flexion after surgery or injury.

Materials and Methods
B e t ween September 8, 1 9 9 0 , and March 8, 1 9 9 9 , 34 pat i e n t s
e n t e red our pro s p e c t ive study of the effi c a cy of using home
m e chanical therapy to help patients regain knee ROM after
loss of fl exion. Our pat i e n t s ’ cases re flect the distri bution of
c o m p l i c ated knee injuries re fe rred to a major unive rs i t y
o rthopedic cl i n i c. The sole focus of this art i cle is on loss of
knee fl exion; there fo re, i n clusion cri t e ria for the study we re
p o s t s u rgical or injured patients who did not have full knee
fl exion (compared with their opposite normal side) after 6
weeks of supervised outpatient PT. If a patient did not have
fl exion of 90° after 4 weeks of PT, the device was ord e re d
and instituted at 6 weeks; if a patient had more than 90° of
fl exion after 4 weeks of PT but did not have full ROM after
6 weeks of PT, the device was ord e red at 6 weeks and insti-
tuted as soon as possibl e. Patients who had surge ry at our
clinic underwent 6 weeks of postoperat ive PT befo re enter-
ing the study; patients who we re re fe rred for postsurgi c a l
loss of knee fl exion underwent 6 weeks of PT befo re enter-
ing the study. The protocol we used for postoperat ive man-
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agement of ACL re c o n s t ructions was described by DeMaio
and colleag u e s .2 2 Po s t o p e rat ive fra c t u re manage m e n t
i nvo l ved continuous passive motion (CPM) when perm i t t e d.
O t h e r w i s e, i m m o b i l i z ation was used to ensure adequat e
bone healing. Both manual and isokinetic stre t ch progra m s
we re used during the PT program. Po s t o p e rat ive ra d i ograp h s
we re taken to confi rm tunnel placement in ACL re c o n s t ru c-
tions and adequate bone healing in peri a rticular fra c t u re s .
L ab o rat o ry tests and cultures we re used to rule out postoper-
at ive infection as the cause of intra - a rticular fi b ro s i s .

As Figure 1 shows, severity of flexion loss was graded I
(115°–125° of flexion remaining after loss), II (90°–115° of
fl exion re m a i n i n g ) , III (60°–90° of fl exion re m a i n i n g ) , o r
IV (<60° of flexion remaining). 

F l exion was measured with the patient supine on the
ex a m i n ation table and both knees fl exed to their maximu m
position. A 12-inch goniometer was used from the center
of r o t ation of the knee to the center of the gr e at e r
t ro chanter and from the center of ro t ation of the knee to
the lat e ral malleolus. Care was taken to ensure maximal
knee fl exion. If the distance from the heel of one foot to
the bu t t o ck was the same as the distance from the other
heel to the other bu t t o ck , then fl exion of the injured knee
was considered to be full in comparison with fl exion of the
opposite knee, and f l exion was measured only in the
i n j u red knee. All patients had an injured knee and a nonin-
j u red knee. Table I shows the distr i bution of pat i e n t s
a c c o rding to cause of fl exion loss.

E a ch patient was fo l l owed up on until knee ROM wa s
f u l l , until the patient re a ched a sat i s fa c t o ry plateau with

RO M , or until the patient re q u i red surgical manipulat i o n
under anesthesia. In the study group, mean follow-up was 4
years 8 months (range, 2 years 1 month–9 years 2 months).
Th e re we re 18 females and 16 males. Mean age was 34.8
years (range, 12–66 years). Mean time from index surgery
to initial use of mechanical therapy was 23.6 weeks (range,
6–156 weeks).

The ERMI Knee/Ankle Flex i o n at e r® ( E R M I , I n c, A t l a n t a ,
Ga) was used to provide mechanical therapy. The hy d ra u l i c
l o a d - ap p l i c ation mechanism and the quick - release mech a-
nism of this device (Fi g u re 2) give patients complete contro l
of stre t ch i n g. Load is applied through the foot and at the bu t-
t o ck. Patient themselves can va ry the load from 0 to 500 ft-lb
of torque in 1° increments. The stre t ching protocol used in
this study re q u i red that patients use the device 15 minutes per
session 4 to 8 times per day. During each session, p at i e n t s
dy n a m i c a l ly stre t ched the knee into current full fl exion for 1
to 5 minutes. For re c ove ry, t h ey released the joint into ex t e n-
sion for an equal amount of time. Then they stre t ched into
c u rrent full fl exion again for 1 to 5 minutes. This pat t e rn wa s
rep e ated until 15 minutes elap s e d. We describe this pro t o c o l
as p at i e n t - a c t u ated serial stre t ch ( PA S S ) .

Two other stre t ching protocols a re low-load pro l o n ge d
s t re t ch (LLPS) and s t atic progre s s ive stre t ch (SPS). LLPS
uses a low-load force in a brace form that loads the joint in
the direction of stre t ch for 6 to 8 hours per session. SPS
uses a brace to force the joint into a specific degree of flex-
ion or extension. After the patient can tolerate moving the
joint farther in the direction of the stretch, the joint is moved
more. Only at the end of the session is the load on the joint
reve rsed completely. Recommended length of an SPS ses-
sion is 30 minutes.

In 1993, to confi rm that laxity does not increase wh e n
p atients use this device after ACL re c o n s t ru c t i o n , we used
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Figure 1. Classification of loss of range of motion (ROM) in the
flexed knee.

TABLE I. DISTRIBUTION OF PATIENTS
BY CAUSE OF FLEXION LOSS

Grade Mean Mean 
Condition I II III IV Age, y Follow-Up

Anterior cruciate 2 3 6 3 32.3 4 y 7 mo
ligament injury

Peripatellar injury — — 4 3 35.1 4 y 5 mo
Fracture — 1 1 2 49.8 5 y 5 mo
Miscellaneous — 2 5 2 31.9 4 y 8 mo

Total 2 6 16 10 34.8 4 y 8 mo
F i g u re 2. ERMI Knee/Ankle Flexionater® (ERMI, Inc, Atlanta, Ga).
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the KT-1000 arthrometer to follow up on a continual series
of 50 patients. Data were obtained at 20 and 30 lb with the
knee in 20° of flexion. Final KT-1000 results were obtained
9 to 12 months after index surgery. Of the 50 patients, the
12% whose cases we re deemed “ t h e rapy fa i l u re s ” we re
s t a rted on a home mechanical therapy program; the other
88% were started on the standard postoperativeACL course
previously described.

In the litera t u re, we did not find an absolute definition of
full knee fl exion. Shelbourne and colleag u e s6 rep o rted 143°
to be the mean amount of knee fl exion in the opposite nor-
mal ex t remity (ra n ge, 130°–156°). In our study, t h o u g h ,
s eve ral patients had less than 130° of fl exion in their oppo-
site normal ex t re m i t y. As a re s u l t , we defined functional
knee ROM to be at least 115°2 3 and full fl exion of the
i n j u red knee joint to be wh at ever full fl exion of the oppo-
site normal joint is.

S t atistical analyses invo l ved perfo rming paired t t e s t s
on eva l u ations conducted befo re and after mech a n i c a l
t h e rapy. An unpaired t test assuming unequal va ri a n c e s
was used to determine the significance of KT-1000 test
d ata and associated ROM data. Regression analysis wa s
p e r fo rmed on corre l ations among time befo re start i n g

m e chanical therapy, time in mechanical therapy, i n i t i a l
RO M , final RO M , and ROM progress. The Stat i s t i c a l
Pa ck age for the Social Sciences and the advanced dat a
a n a lysis pack age in Microsoft Excel we re used to adminis-
ter these tests.

Results
In this study, m e chanical therapy for loss of knee
fl exion had a 91.2% ove rall success rate for rega i n i n g
functional ROM and a 74% success rate for rega i n i n g
full ROM compared with that of the opposite norm a l
k n e e. A c c o rding to our index grading system,
p atients with grade I loss of ROM had a 100%
chance of regaining full ROM; those with grade II,
83%; those with grade III, 81%; and those with gra d e
I V, 40% (Table II). ROM progressed in all pat i e n t s ;
p atients with grade IV loss regained the most RO M
( m e a n , 7 9 ° ) .

Fo u rteen patients who underwent ACL surge ry
lost knee f l exion (Table III). Of these pat i e n t s , 3
(21%) had an isolated injury; the other 11 (79%)
also had meniscal surge ry (4 pat i e n t s ) , m e n i s c a l
t ra n s p l a n t ation (3 pa t i e n t s ) , multiple lig a m e n t
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TABLE II. LOSS OF RANGE OF MOTION IN THE KNEE: RESULTS BY INDEX GRADE

Index Results
Functional Full ROM End Normal

Index No. ROM ROM Progression LOM ROM ROM
Grade ROM° Patients % (n) Patients Mean Degrees (Range)

I >115 2 100 100 31 0 146 146
(2) (2) (25–37) (140-152) (140-152)

II 90–115 6 100 83 33 3.5 135 138.5
(6) (5) (23–45) (0–20) (118–146) (135–140)

III 60–90 16 94 81 61.3 3.3 131.8 135.1
(15) (13) (27–82) (0–20) (102-152) (122-152)

IV 0–60 10 80 40 79.1 13.8 122.7 136.5
(8) (4) (50-104) (0–34) (95-140) (126-152)

*ROM indicates range of motion; LOM, loss of motion.

TABLE III. SUMMARY OF MEAN DATA (INCLUDING RANGES) FOR ALL 34 PATIENTS

Time Initial End ROM Time on
No. Since Surgery,wk Flexion Flexion Progression Flexionater,wk

Condition Patients (Range) Mean Degrees (Range) (Range)

Anterior cruciate
ligament injury 14 16.7 79.8 131.6 51.9 5

(6–104) (22–115) (95–152) (25–104) (2–12)

Peripatellar injury 7 53.4 57.7 130.3 72.6 8.6
(6–156) (44–70) (118–152) (65–82) (4–16)

Fracture 4 12 61.3 125.8 64.5 6
(30–95) (118–130) (23–95) (4–8)

Miscellaneous 9 16.4 71.2 131.2 60 8.1
(6–52) (50–98) (110–142) (44–88) (3–12)

*ROM indicates range of motion; LOM, loss of motion.
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i n j u ries (2 pat i e n t s ) , meniscal tra n s p l a n t ation and
multiple ligament injuries (1 pat i e n t ) , or an osteo-
ch o n d ral lesion (1 patient). After a mean of 16.7
weeks since surge ry, mean fl exion was 79.8°. Wh e n
p atients plateaued in PT, home mechanical therapy
was added for a mean of 5 weeks. Over those 5
we e k s , ROM progressed a mean of 51.9° (ra n ge,
25°–104°) to a mean of 131.6°. 

K T-1000 results are presented in Fi g u re 3. Th e re
was no statistical diffe rence in end ROM in the
injured knee between the PT-only group and the PT-
plus-mechanical-therapy group (P>.10). Furthermore,
there was no statistical difference in KT-1000 results
between the 2 groups (P>.50).

The 7 patients who had the most difficulty rega i n-
ing ROM had significant loss of knee fl exion after a
p e ri p atellar injury — p atellar fra c t u re, p atellar re a l i g n-
m e n t , q u a d ri c eps tendon ru p t u re, or patellar tendon
ru p t u re (Table III). A mean of 53.4 weeks since
s u rge ry, mean fl exion was only 57.7°. Over a mean
of 8.6 weeks of home mechanical therapy, ROM pro-
gressed a mean of 72.6° (ra n ge, 65°–82°) to a mean
of 130.3°. All 7 patients regained functional RO M ,
and 4 of the 7 regained full  ROM. No pa t i e n t
re q u i red surge ry.

For the 4 patients with supra c o n dylar fe mur and
tibial plateau fra c t u re s , mean fl exion was only 61.3°
after 12 weeks since surgery (Table III). Over a mean
of 6 weeks of home mechanical therapy, ROM pro-
gressed a mean of 64.5° (ra n ge, 23°–95°) to 125.8°.
No patient required surgery.

The 9 patients in the miscellaneous group had
p o s t e rior cru c i ate ligament (PCL) re c o n s t ruction (1
p at i e n t ) , a medial meniscal tear (1), i s o l ated medial
meniscal tra n s p l a n t ation (2), i s o l ated osteoch o n d ra l
a l l ograft (2), high tibial osteotomy (1), s y n ov i a l
ch o n d ro m atosis (1), or posterior knee dislocat i o n
(1). A mean of 16.4 weeks after surge ry, mean 
fl exion was 71.2°.  Over a mean of 8.1 weeks 
of home mechanical therapy, ROM progressed a
mean of 60° (ra n ge, 44°–88°) to a mean of 131.2°
( ra n ge, 110–142°). 

Only 3 of the 34 patients did not regain functional
ROM. One of these 3 patients had ACL reconstruction
plus medial and lat e ral meniscal tra n s p l a n t at i o n s .
Plateauing at 95° after PT plus home mechanical ther-
apy, she re q u i red medial and la t e ral re t i n a c u l a r
releases and manipulation under anesthesia. She
re s t a rted home mechanical therapy, and ROM pro-
gressed to 126°, equaling opposite-side ROM. Th e
second patient had sustained an ACL/PCL/lateral col-
lateral ligament injury that required 3-ligament recon-
s t ruction. This pat i e n t ’s stat u re (height, 5 ft 2 in;
we i g h t , 275 lb) limited ROM in the normal knee to
122°. After ROM failed to progress past 102° with
mechanical therapy, we attempted knee manipulation
under anesthesia. Three surgeons could not move the
patient’s knee. At surgery, she did not give permission
for surgical release of soft tissue to regain ROM. The
third patient, whose hemicondylar osteochondral allo-
graft failed (with resultant subch o n d ral collapse and
subsequent str u c t u ral ch a n ges in the fe m o ra l
condyle), later required total knee arthroplasty.

The diffe rence between initial ROM and final RO M
in the entire group of 34 patients is stat i s t i c a l ly signifi-
cant at P>.000001. Time befo re starting mech a n i c a l
t h e rapy did not corre l ate stat i s t i c a l ly with time in ther-
apy (R= . 1 6 ) , final ROM (R= . 0 5 ) , or ROM progre s s
(R=.16). In add i t i o n , time befo re starting mech a n i c a l
t h e rapy and initial ROM did not corre l ate (R= . 1 7 ) .

Discussion
The most important finding in this study is that 31
(91.2%) of our 34 pat i e n t s — who had complicat e d
cases involving seve re loss of knee fl exion and wh o
had undergone a failed course of PT—regained func-
tional ROM with the addition of home mech a n i c a l
t h e rapy. In add i t i o n , all 34 patients regained at least
some knee fl exion after perfo rming home mech a n i-
cal therapy, with all patients improving at least 2
grades (Table IV). Furt h e rm o re, 25 patients (74%)
regained full ROM (defined as equal to full ROM in
the noninjured knee). Clearly, p atients with the high-
est degree of fl exion loss at index eva l u ation we re at
highest risk for not regaining full ROM; neve rt h e-
l e s s , 80% of these patients regained functional

198 APRIL  2003

TABLE IV. INDEX VERSUS FINAL GRADE
FOR LOSS OF KNEE FLEXION

No. Patients
Index Full Range Final Grade
Grade of Motion I II III IV

I 2 — — — —
II 5 1 — — —
III 13 2 1 — —
IV 4 4 2 — —

Figure 3. Results of KT-1000 arthrometer study. PT indicates
physical therapy.
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ROM. On the other hand, s u rgical tre atment with
a rt h roscopic débridement and manipulation has a
high fa i l u re rate and a re o p e ration rate ra n ging fro m
1 in 15 to 19 in 44 (43%).1 0

Th ree patients using a home mechanical therapy
p rogram did not regain functional ROM. All 3
patients had additional surgery. One of these patients
responded well to surgical release and knee manipula-
tion under anesthesia, re s t a rted home mech a n i c a l
t h e rapy, and regained full ROM. The second pat i e n t
had not regained any ROM by the time knee manipu-
lation was performed. After hemicondylar osteochon-
d ral allogra f t , the third patient developed pers i s t e n t
knee pain that ultimat e ly re q u i red total knee art h ro-
plasty. In this group of patients for whom mechanical
t h e rapy had fa i l e d, o n ly 1 seemed to have isolat e d
a rt h ro fi b rosis (the knees of the other 2 patients may
have had structural changes that prevented them from
regaining at least functional ROM).

This concept of soft-tissue re l a x ation with PA S S
is considerably diffe rent from the current surgi c a l
ap p ro a ch to loss of knee fl exion. Surgical lysis of
adhesions and manipulation under anesthesia help
p atients regain full ROM quick ly, though at the
expense of tissue tears (in add i t i o n , these pro c e-
d u res re c re ate the env i ronment in wh i ch ROM wa s
lost in the fi rst place). PASS uses the pat i e n t ’s self-
imposed pain threshold to limit damage to tissue
while improving ROM. The short duration of each
end ROM stre t ch , combined with the fre q u e n cy 
of str e t ch e s , seems to  be bet ter  tolerated by 
a rticular cart i l age.2 4

U n l i ke CPM, PASS is focused on progression of
only end ROM. Postoperative use of CPM only main-
tains the fl exion regained during surge ry. Research
has shown that, for every 6 hours spent in CPM each
d ay, o n ly 30 minutes is spent in actual therap e u t i c
s t re t ch i n g.4 Th e re fo re, o n ly 15 minutes of eve ry 6
h o u rs spent on a CPM machine is actually spent
working in end range flexion.

The surge o n ’s goal should always be to guide
regaining of full ROM. Although timing of mech a n-

ical therapy seems not to affect outcome, our dat a
s h ow that an earlier start leads to earlier rega i n i n g
of full ROM. Given this re s u l t , we suggest that
m e chanical therapy be instituted as soon as med-
i c a l ly safe in patients like ly to lose a large amount
of f l exion. For our patients re c e iving wo rke r ’s com-
p e n s at i o n , e a rlier regaining of functional RO M
t ra n s l ates into significant reductions in total cost 
of re c ove ry.

The diff e rence in costs between surgical and
n o n s u rgical tre atment of loss of knee f l exion is
s i g n i ficant. At our hospital, s u rgical manage m e n t
of  loss  of  knee  f l exion costs  a p p rox i m at e ly
$ 1 3 , 5 0 0 , wh i ch includes surgeon costs for art h ro-
scopic lysis of adhesions and knee manipulat i o n
under anesthesia as well as costs for opera t i n g
room time, a n e s t h e s i a , m e d i c at i o n , and postopera-
t ive PT. These costs we re based on a 7% incidence
of loss of knee fl exion after ACL re c o n s t ruction in
1000 patients. We assumed that postoperat ive PT
would be continued as long as mechanical therapy.
All patients in the surg i c a l - t re atment group had
lysis of adhesions and manipulation under anesthe-
s i a , wh e reas only 0.29% of patients in the mech a n-
i c a l - t h e rapy group needed this surge ry. Results are
p resented in Table V. Fur t h e rm o re, the costs to
society for the wo rke r ’s inability to regain full
knee ROM rep resent a substantial portion of fi n a l
wo rke r ’s compensation cl a i m s .

Conclusion
Using home mechanical therapy to regain f l ex i o n
lost after surge ry or injury has proved to be an 
e fficacious and cost-effe c t ive altern at ive to surgi c a l
m a n agement of loss of ROM in the knee. Other
n o n o p e rat ive tre atments have not proved to be as
e ffe c t ive in regaining and maintaining ROM 
in patients with va ri able causes of loss of RO M .
E l i m i n ating the need for manipulation after knee
s u rge ry or injury signifi c a n t ly lowe rs the cost of
i n j u ry management and avoids the risks associat e d
with surgical tre at m e n t .

THE AMERICAN JOURNAL OF ORTHOPEDICS® 199

TABLE V. COST COMPARISON: SURGERY VERSUS MECHANICAL THERAPY

Treatment for
Loss of Range Total 
of Motion Time, wk Cost Multiplier Cost

Surgery 5 $13,500.00 70 (7% of 1000 $945,000.00
patients)

Mechanical 5 $3366.50 70 (7% of 1000 $235,655.00
therapy patients)

Savings $709,345.00
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