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ABSTRACT

To test the efect ofunderwater aeadmill exercise in the post-surgical rehabilitation of anterior

cruciate ligamcnt (ACL) reconstuctiorL 16 subject were divided into two therapy goups and

matahed for age, gender, height, and weight. Four males and four females (age range 22 to 3l

years) comprised each group. Alt had been arthoscopically diagnosed with complete ruptue Of

the ACL, and had undergone primary reconstuction. Both goups adhered to the same physical

the.apy protocol, and were attended by the same sfaff; the critical dillerence was the

cardiovascular conditioning equipment prescib€d. The stendard therapy group exeraised on

stahonary cycle\ (Fitronru and Schwinn AirdrnelM) during each of the six weekly therapy

sessions. As soon as wound healing pemitied (10 to 14 d4ysrpost_sugery), the experimetftal

(waGr) group began using the Aquaciserd underwater Treadmin in three of the six weekly

sessions; they cycled on the remaining days. At four and eight weeks post - sugery both goups

lvere tested for range of motion; calf and thigh (quad) gith; quad sfength and enduance;

gastocnemius endurance; and balance. Between_group analyses were perfomed on mean raw

measures; four and eight week measurements were also compared. These four to eight week

differences were analysed in paired t-tests between grorips. Analyses perfonned on individual

measuremenls demotshated rc significant differences between groups. However, alralysis ofthe

diferenae betwe€n the four and eight,week measures indicated significant differences in the

following areas:

Flexion within the water group increased by a mean of 14.6. (where p , ,05); surgical catf gfuth

increased by a mean of .4 in., and the quad firth ofboth surgical and nonsugical legs increased by

a mean of .3 in. and .4 in., rcspectively. The standard goup showed significant mcrease only



inflexion (mena increase of 9.2'). A between goup analysis of four to eight wpek chang€s

indicated that nonsurgical quad gtth increased significantly mote in the water goup (mean

increase of .4 in.). Results suggest that underwater treadmilt exercise is a beneficial additive

therapy in ACL r€constuction rehabilitation; it may even be more efiectiv€ than stationary

cycling in the prevention ofatrophy.



Thc Efrect of Underwrt€r Treadmill Exercise

in the Rehrbilitation of Surgic&l

Arterior Cruciste Ligament Repair

While the rupture ofthe anterior quciate ligament (ACL) is a common injury within the

context ofcertain spods, it is also one ofthe most devastating to an athlete's career. ln deciding

upon the course oftreat[ent. the athlete has, rmtil recendy, b€en faced with a dilemma:

The chonic instability of the unheated Acl-deficient knee results in a degenerative

osteoarthdtic condition (Lynch & Herming, 1988); yet surgical rccomtruction rcquires a long

and arduous rehabilitation.

Although different methods of surgical repair have met with varied degrees of succcss in

the past (Hughson & Banetq 1 983), recent advances in diagnosis, surgical techinique, and post-

opemtive management have made the injured athlete's rehrm to competition more feasiblc, To

accommodate the new, mole aggressive approaches to ACL injury marEgement, new

rehabilitation protocols must be developed. Higgins and Steadman (1988) suggest that a team

approach involving the patien! surgeoo, therapist, and athletic trainer is vital to achiebing the

following goals of knee recomkuction:

(a) to restore joint anatomy

(b) to provide static and dlramic knee stability

(c) to maintain cardiovascular and psychological conditioning and,

(d) to retum the patient to activity in the shortest time possible

To this end and in the light of acoumulation evidence that musculoskeletal health

depends on motion (Noyes, Buder, Paulos, & Grood; 1983), the haditional practices ofplaster



immobilization and lou-weightbearing have been discardod iu favor ofmore aggressive

methods. Many post-surgical ACL rchabilitation protocols now in placc in hospitals and training

rooms include the common procedures of immediate passive motion and early weightbearing

with a brac€. In fact, some orthopa€dic surgeons rcutinely pr€scribe that stationary bicycle

€xercise begin ou the same day as surgery. (For an example of such I protocol, sce Appendis A.)

Another modality which is now widely prescdbed is active hydrotherapy. Because wate!

tends to decrease pain and promote the viscoelasticity of connective tissue, it is helpfii in the

recovery offirll range ofmotion. As an extension ofhydrotherapy, swimming pool activity is 
'

also allowed in many protocols, beginning as soon as wound healing p€mits. The buoyancy

provided by water potects the comgomird joint fiom compressive forces, while watet

resistance challenges the muscles of the exhernities (Louden, 1987). Thus, water exercise can be

introduced relatively early in the rehabilitation proc€ss.

Still, the use of svrimming, per se, as a major rehabilitative tool is problematic for the

atblete; the body positioo aod musculatue used do not correspold well to those used in

nonaquatic sports. This may explain why thcrapist have largely overlooked water as a desinble

exercise medium.

If, however, a progarn were designed to ulilize the posture and musculah[e

biomechanically similar to rurniog, then the injured atl ete aould engage in a more spolt-sp€aific

activity, while taking fi..rll advantage ofthe warm watei environment,

It was the purpose of this study to deteimine whether the inclusion of such a water

exercise modality into an otherwise standard post-surgical ACL rchabilitation protocol would

poduce positive results in the areas of quadricepvhaosting sttength and endurance,

gastocnemius s&ength and endurance, proprioc€ption, abophy preventiog ard range of motion.



The investigation centercd on the diferences in performance between two groups: The standard

therapy group followed the existing protocol ofVail Orthpaedics and Sports Medicine (Appeudix

A), while the experimental therapy group used a water exercise apparatus in addition to the

standard cycle ergometer and dry treadmill. Fwctional test were administercd to both groups at

four and eight weeks post- surgery,

METHOD

Subjoct

Patients participating in the study werc volunteeB who had been arftroscopically

diagnosed with complete ruptue of the ACL, and had undergone primary reconstuction, either

by patellar tendon transfer or semitendinosus glaft, Patienls with concomitant meniscal lesion

repairs werc excluded. All surgery was perfonned at Vail Balley Medical Center by the staff

surgeons ofvail Orthopaedics and Sports Medicine.

Subj€cts who met the inclusion criteda and provided informed consent were assigned to

either the standard therapy group or the experimental tlerapy group, and matched as closely as

possilbe for age, gender, height and weight.

Apprretus

The critical differences betlveen the two therapy grcups centercd on the cardioyascular

exelcise equipment prescribed. The standard group used variable-speed/variable-resistance cycle

ergometers (Schwinn AirdynerM and Fitronn), five to six times per week during the first month

post-surgery. The experimental (water) group substituted the use of an underwater treadmill



apparatus matrufachred under the name of AquaCiserrM (se.e Appendix B) thrce times per weelq

and used the cycle ergometers in the remaining sessions. The AquaCiserfl resembles a

fiberglass shower stall, the floor of which is a vadable -speed treadmill. Water temperatue,

depttL and t€admiu speed arc contolled ext€mally. The interior of the stall is equipped with

handrails.

Functional tests for specific variables were performed at four and eight weeks post-

surgery; these included range of motion (ROM) at the kree, thigh (quad) girth, calf gintl

quaddceps stengd! quadriceps/hamstring eldurance, gastocnemius endurance, and balance,

ROM was measured iu degrees by means ofa goniometer. Normal limits were defined as

0o ofextension and l55o ifflexion. Only the surgical leg was measured.

Muscle girth was measured in inches with a flexible tape measure.

Functional quadriceps stength was tested by retrostepping onto four-, six-, or eight-inch

high stools; patients were obscrved for taahnique: successfi..rl stepping was chalacterizod by

isolated use of the quadriceps, while pelvic substitution indicated failule at a given stool height.

Gastroanemius (gastxoo) enduance was rcpresented by the amounl of time ht seconds

that a subject could perfonn continuous unilatenl toe mises; both surgical and nonsurgical limbs

were t€sted.

Quadriceps/hamstring enduanae u/as rcprcsented by the amount of tirne in seconds that a subject

could perform continuous uilateral knee dips while standing on a four-, six-, or eight-inch stool;

times for both limbs were recorded. the height of the stool was determined by the subject's

pain-free range of motion.



Functional balance was quantified as the length of time in seconds that a subject could

stand on one leg; challenged balance involved closing the eyes while balancing. Times for both

legs werc recorded.

All testirg procedwes tool place at Vail Centet for Physical Therapy, and werc perfoimed

by staff physical therapists.

Procedure

For the initial two w€eks post-sugery, subjects reported to Vail Center for Physical

Therapy six to eight times per week. Thereafter, and for the duration of the shrdy, the subjects

were asked to attend physical therapy five to six times per week. Both groups were attended by

the same staff, and adhercd to the same ACL re€onstuction therapy protocol (Appendix A),

Beginning at tetr days post-surgery, or as n'ound healing pemitted, the t?ter $oup trained three

times per week in the AquaCiser rather than on a stationary cycle. Both goups werc instucted

to rcport any incease in pain felt during the activity, and any swelling following the activity.

Patient tolemnce detemined the progession of speed and intensity for both goups; initial

cycling \flas perfomed without resistance, and initial treadmill ralking was performed without

tle BledsoerM braca in chest-deep water (1020 F, 39' C). Exercise sessions lasted 20 min.

Functional testing procedures tool place at four and eight weeks post-surgery. ROM, girlh, quad

strength and endurance, gashoc endurance, and balance times were analyzed in separate paircd t-

tests between groups. Within-subject compalisons of four-and eight-week measwes were

performed; these results, expressed as four- to eight- n'eek changes, were also analyzed in

between -group paired t-test.



RESIJLTS

An initial aralysis of subjects' age, height and weight showed no significant differences

between therapy groups (see Table 1).

Paircd t-tests between thenpy goups did not demonstale any significant difference in

four- or eight-week raw measurcments, i.e. muscle girths, flexion, extension, quad shength,

gastroc endura[ce, or challenged balance for either leg (see Table 2). Nor were there significant

differences in four- or eight-week ROM, nor surgicaVnon-surgical leg comparison expressed as

deficits.

However, paircd t-test comparisons ofthe four-to eight-week changes yielded several

important results: The water group showed significant improvement in flexion, udth a mean

increase of 14.6 o, where p < .05 (see Figure l), Surgical catfgirth increased by a mean of .4 in.

(see Figure 3). Both sugical and nonsugical quaddceps girth showed significant improvement,

with mean increases of .8 ill. and .4 in., respectively (see Figues 4 and 5). An improvement in

surgical quadriceps strength n/as also demonstrated by a mean rctostep increase of 1.7 in. (see

Figue 6).

The standard group showed significant improvement only in flexiorg increasing by a

mean of 9.2o (see Figure 2).

Neither group improved significantly in extension, nonsurgical calf girth, nonsurgical

quadriceps stength, balance nor challenged balance for either leg, nor gashoc enduanc€ for

either leg (see Table 3).



A between-goup analysis ofthese fow- to eight-week changes showed that nonsrugical

quadriceps girth increased significandy more within the water goup (mean increase of .4 in.) .

The },ater goup also showed notable imprcvement in surgical quaddceps ghth (see Table 4),

Quadriceps eudurance times could uot be moaningfully comparc4 due to the fact that

some subjects were able to perfom pain-free knee dips from an eight-in, step, whereas oth€rs

could only tol€rate t€sting ftom a height oftwo in,; the latler group had inordinately longer

endurance times due to the limited ROM.

Test !€sults for unchallenged balance disclosed a ceiling efecl all subjects achieved or

exceeded the 30-second time interval defined bv the theraDists as '\^'ithin nomal limits."

DISCUSSION

Gleim and Nicholas (1989) demonshated that walking iu water can gready inqease the

orygen aost of motion. This, togethe! with the potential for safe and early post-surgical

introductio& make the underwater treadmill an attractive option for the prevention of

cardiovascular deconditioning.

Although there is little existing data on the effiaacy ofthe apparatus in the rchavilitation

of orthopadeic injuries, the results of the cunent study suggest that it is a benefrcial additive

therapy in the rchabilitation of ACL rcconstruction.

& The significant increase in surgical calf ghth within the water group may indicate a
fi

, ffilimitatioo of post-surgical gastocnemius atrophy; this is probably because stationary cycliog

' 
, does not speaifically require plantar flexion, while walking does.

! 
Limited atophy was apparcnt at the quadriceps, as viEll. The greatei ircr€ase of thigh

f'{ girth withing the watq goup was likely due to repeated extension of the knee against $,ater



resistance. Perhaps stationary biaycle exercise with little or no rcsist nce rcquires more

involvement ofthe hip flexo$ and extensors, and less ofthe quadriceps; this may be particularly

true of swgical knee patients,

No subject in the wate! group reported any negative effects associated with underwater

treadmill walking. Subjective comments regarding the activity wer€ positive. Attendance of the

water group was reoorded and compliance was very good.

Although attendace data were not available for the standard group, it should be noted ttlat

the researcher experienced some difrculity arranging a final testing session for some of the

st ndard subjects.

In view of the positive effeats demonstrated in the current study, ftrther rcsearch should

be directed at systematically evalauating the effects of rmderwat€r headmill walking as an

exclusive cardiovascular and muscular conditioning th€rapy, as opposed to an additive one.

Baseline testing immediately beforc surgery '\,vould inqese the sensitivity to the tr€atment effeat.

Other possible applications such as post-acute ftactures, chronic back pain, and artbritic

conditions would bear investigatiorL as well.
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